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PREFACE 


This  final  report  documents  the  results  obtained  during  the  Manufacturing 
Methods  and  Technology  (M M& T)  Program  entitled  "Methodology  for  UV  Cured  Confor¬ 
mal  Coating." 

This  report  was  prepared  by  the  Hughes  Aircraft  Company,  El  Segundo, 
California,  under  contract  DAAK4Q-7S-C-Q272. 

The  effort  was  sponsored  by  U.5.  Army  Missile  Research  and  Development  Com¬ 
mand  (MIRADCOM). 

The  principal  Hughes  contributors  were  John  Fay,  Program  Manager;  Ed 
Anderson,  Principal  investigator;  J.  Tull;  R.  Rawls;  L.  Long;  R.  Dunaetz;  and  H. 
Schwartz. 

The  work  covered  by  this  report  was  performed  between  15  September  1978  and 
15  June  1930. 
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SUMMARY  OF  PHASE  I  TASKS 


•  Materials  assessment  and  selection  of  candidate  materials 
-Industry  survey 

-Material  procurement 

-Material  selection  and  preliminary  testing 

•  Process  evaluation  and  optimization 
-Qualification  testing  of  materials 
-Documentation  of  processes 

•  Projected  cost  value  analysis 
-Material  costs 

-Comparison  with  existing  conformal  coating  processes 

A  literature  review  of  technical  journals  and  a  survey  of  16  suppliers  resulted  in 
35  candidate  materials  for  initial  testing.  From  the  results  of  the  initial  tests,  three 
material  candidates  were  selected  for  qualification  testing. 

The  Hughes  Space  and  Communications  Group  (5CG)  developed  process  for  appli¬ 
cation  and  curing  of  the  materials  was  documented.  An  attempt  was  made  to  qualify 
each  material  by  testing  a  minimum  of  four  sample  specimens  to  the  requirements  of 
MIL-I-4605&.  Of  the  three  material  candidates,  only  one  passed. 

Data  was  obtained  relative  to  the  cost  of  coating  printed  wiring  boards  (PWBs), 
using  the  material  that  passed  and  the  developed  process  for  application  and  curing. 


SUMMARY  OF  PHASE  D  TASKS 


9  Production  facility  was  specified  and  documented. 

•  Production  type  PWBs  were  processed  and  delivered. 

♦  Industry  debriefing  sessions  were  heid. 

A  production  line  capable  of  producing  750  PWBs  in  an  8  hour  shift  was  specified 
and  documented  for  the  coating  of  PWBs,  using  the  technology  developed  under  this  con¬ 
tract.  Included  was  a  process  flow  chart,  production  equipment  specifications,  and  an 
assembly  floor  layout.  Ten  typical  production-type  PWBs  were  coated  and  cured  in  the 
Hughes  5CG  facility  and  delivered  to  MIR  ACCOM  for  their  evaluation. 

At  the  conclusion  of  the  contract,  two  1-day  industry /government  debriefing 
sessions  were  held  at  Hughes  SCC  in  El  Segundo,  California.  The  attendees  were  briefed 
on  the  test  data,  results,  and  methodology  established  by  this  program. 


SUMMARY  OF  RESULTS  AND  CONCLUSIONS 


•  Material  selection  resulted  in  only  one  material,  Hughson  RD  3650-21, 
that  met  the  objectives  of  a  one  part  system,  and  passed  the  applicable 
MIL-I-46058C  test  requirements. 

•  The  application  process  developed  used  spray  coating  and  UV  curing. 

•  The  conclusions  arrived  at  from  this  evaluation  were: 

•  UV  cured  conformal  coating  can  be  successfully  utilized  in 
production. 

•  UV  cured  conformal  coating  has  the  potential  to  save  production 
cost  if  the  material  used: 

•  Is  a  single  component  ready-to-apply  system 

•  Does  not  require  the  addition  of  solvents 

•  Cures  in  seconds,  including  obscured  areas 

•  There  is  no  tangible  cost  reduction  in  materials  and  labor  of  the 
Hughson  material  versus  the  present  conformal  coating. 


SECTION  I 

BACKGROUND  AND  OBJECTIVES 


The  Need  for  New  PWB  Conformal  Coating  Techniques 

Objectives  of  the  Manufacturing  Methods  and  Technology 
Program 


1.  THE  NEED  FOR  NEW  PWB  CONFORMAL  COATING  TECHNIQUES 


The  methodologies  presently  used  in  industry  for  conformal  coating  of  PWB 
assemblies  need  improvements  or  changes  in  order  to  reduce  the  possibility  of  mixing 
errors  and  accelerate  the  curing  cycle  to  make  it  more  cost  effective.  The  application 
of  ultraviolet  (UV)  cured  conformal  coatings  on  PWB  assemblies  can  meet  this  require¬ 
ment. 


MIL-I-46058  is  the  specification  for  Insulating  Compound,  Electrical  (For  Coat¬ 
ing  PWB  Assemblies).  Use  of  existing  qualified  coating  systems  on  PWB  assemblies 
involves  several  disadvantages  that  UV  cured  conformal  coating  are  expected  to  over¬ 
come.  These  disadvantages  are: 

1)  Requires  slew  curing  which  takes  hours  of  oven  cure  (or  parylene  batch 

deposition)  cycles. 

a)  There  is  a  strong  possibility  of  contaminating  coating  during  the  curing 
operation 

b)  A  program  schedule  delay  is  built  in  for  the  original  coating  and  for  any 
repair  or  rework  operations  that  are  needed 

c)  Allows  coating  to  sag,  providing  minimal  or  no  coverage  over  sharp 
contours  on  the  PWB  assembly  U.e.,  trimmed  component  leads,  flatpack 
lead  edges,  and  capacitor  edges) 

d)  requires  expensive  parylene  batch  deposition 

2)  Usually  requires  mixing  of  two  (or  more)  part  formulated  coating  systems. 

a)  Adds  another  manufacturing  technician  labor  increment  to  the  coating 
process 

b)  Offers  the  possibility  of  a  mixing  error 

3)  Usually  requires  solvent  systems  (thinners)  to  lower  the  viscosity  of  the 

resin  system  for  ease  of  application  and  to  allow  tailoring  of  the  formula¬ 
tion. 

a)  Normally  requires  explosion-proof  exhaust  systems,  .Also,  local  ordi¬ 
nances  may  limit  the  amount  of  solvent  vapors  which  can  be  exhausted 
into  the  surrounding  plant  environment.  This  could: 

(1)  Curtail  the  volume  of  hardware  coated  per  hour 

(2)  Necessitate  a  change  in  type  of  solvent  system  used 

UV  cured  coatings  as  specified  for  this  study  required  no  mixing  of  components 
or  catalysts  by  the  user,  UV  cured  in  seconds,  and  were  usually  soivent-free  systems. 

The  potential  elimination  of  mixing  steps  and  rapid  Curing  make  the  UV  cured  coating 
process  mere  desirable  than  conventional  MIL-M605S  coatings  due  to  potential  decrease 
of  rework  and  scrap,  and  enlianced  possibility  of  using  high  speed,  conveyorized,  and 
sermautomated  processing. 
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This  Manufacturing  Methods  and  Technology  (MM<kT)  Program  was  conducted  to 

•  Evaluate  and  quality  UV  conformal  coating  material  candidates 

•  Optimize  conformal  coating  processing  of  P'VBs 

•  Define  a  production  line  capable  of  coating  and  curing  750  PWBs  in  an  $• 
hour  work  day. 


2.  OBJECTIVE  OF  THE  MANUFACTURING  METHODS  AND  TECHNOLOGY  PROGRAM 

The  program  was  devoted  to  the  evaluation,  selection  and  qualification  of 
materials  suitable  for  coating  (PWBs)  using  UV  curing.  The  resultant  PWBs  coated  with 
these  materials  must  meet  the  requirements  of  MIL-I-46058  to  be  considered  as 
qualified. 

Hughes  SCG  was  awarded  a  contract  for  an  MMdcT  Program  on  UV  Cured  Con¬ 
formal  Coating  of  Printed  Wiring  Boards.  The  contract  ran  from  September  1978  to  June 
1 980  and  consisted  of  two  major  phases. 

Phase  I 

•  Material  screening  and  selection 

•  Process  evaluation  and  development 

•  Cost/value  analysis 

Phase  II 

•  Production  line  specification 

•  Two-day  industry /government  demonstration 

•  Delivery  of  ten  typical  PWB  assemblies 

Phase  I  (20  months)  was  a  material  and  process  evaluation  effort  with  the  goal  of 
selecting  and  qualifying  materials  suitable  for  the  conformal  coating  of  PWBs  using  UV 
curing.  The  PWBs  coated  by  these  prototype  processes  were  to  result  in  an  acceptable 
end-product  (defined  as  meeting  requirements  of  MIL-I-46058).  The  UV  conformal  coat¬ 
ing  process  was  to  have  reliability,  good  producibility,  and  be  competitive  in  cost  with 
normal  conformal  coating  processes.  The  technology  also  was  to  be  readily  adaptable  to 
current  PWB  production  systems  building  U.S.  Army  hardware,  with  minimal  conversion 
costs. 


In  Phase  II  (6  months;,  the  objective  was  to  specify  a  production  line  using  the 
optimized  process  developed  in  Phase  I.  Finally,  a  govemment/industry  debriefing 
region  was  to  be  held  wherein  the  results  of  this  program  would  be  disseminated  to  gov¬ 
ernment  and  industry  representatives  at  two  1-day  sesions. 
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SECTION  2 


PHASE  I 


Task  I.  Materials  Assessment  and  Selection  of  Candidate  Materials 
Task  2.  Process  Evaluation  and  Optimization 

Task  3.  Projected  Cost/Vaiue  Analysis 
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TASK  1.  MATERIALS  ASSESSMENT  AND  SELECTION  OF  CANDIDATE  MATERIALS 


UV  coating  suppliers  were  contacted  to  obtain  coating  samples  already  formu¬ 
lated  and  ready  for  direct  application  (see  Table  I).  These  suppliers  either  submitted 
materials  for  testing  (Figure  1)  or  declined  for  various  reasons. 

Screening  of  candidate  materials  continued  through  June,  1979.  Approximately 
30  candidate  materials  were  screened  during  this  period.  The  preliminary  tests  were 
chosen  to  weed  out  unsatisfactory  candidates  with  a.  minimum  of  testing  expenditures. 

The  initial  testing  resulted  in  the  identification  of  two  coating  materials  which 
were  fast  curing,  had  few  processing  problems,  and  had  the  potential  of  meeting  MJL-I- 
46058C  requirements  (see  Tah'e  II).  The  first  was  W.  R.  Grace's  NB  XRCP-1 0526-3 1-i, 
and  the  second  was  De  Soto's  DeSolite  2353-7  with  about  5  percent  benzoyl  peroxide  (BP) 
catalyst  (Lucidol's  Luperco  ATC)  mixed  into  it  just  before  coating  application. 

Some  processing  problems  were  encountered  with  these  two  materials.  The 
Grace  material  had  too  high  an  initial  viscosity  (the  cured  coating  thickness  was  about 
0.016  inch).  After  about  2  months,  it  started  gelling  in  its  metal  container.  The  De  Soto 
coating  required  that  BP  be  added  just  before  applying  it  to  the  PWB.  De  Soto  did  not 
send  their  2353-7  with  the  BP  in  it  because  of  the  possibility  it  might  greatly  shorten  the 
shelf  life  of  the  material  (i.eM  it  would  cure  in  its  shipping  container  before  it  could  be 
evaluated).  The  De  Soto  material  with  BP  in  it  cured  more  slowly  than  the  Grace 
material,  requiring  twice  the  UV  and  thermal  exposure  time.  Neither  of  these  cured 
coating  exhibited  the  required  ultraviolet  fluorescence. 

•  During  the  selection  period,  five  materials  and  modifications  of  two  additional 
materials  were  chosen  for  additional  screening.  Table  III  summarizes  the  results  of  this 
screening.  Applications  of  the  coating  by  spraying  and  by  dipping  were  attempted.  From 
these  tests,  three  coatings,  applied  by  spray  and  by  dipping,  were  deemed  satisfactory  to 
be  subjected  to  MIL-1-46058  qualification  testing.  These  were  De  Soto  2353-7  («-BP), 
Grace  9332  (AdcB)  and  Hughson  RD  3650-21. 

The  decision  was  made  to  submit  samples  of  each  of  the  three  materials,  applied 
by  spraying,  for  MIL-I-46058  qualification  testing.  Table  IV  summarizes  the  character¬ 
istics  of  the  materials  chosen. 

In  October  1979,  all  the  tests  required  under  MIL-I-46058  were  completed  for 
three  candidate  materials  (Hughson  RD  3650-21,  Grace  9332  (A&B),  and  De  Soto  2353- 
7).  A  summary  of  the  results  is  shown  in  Table  V.  The  Grace  9332  (A<5c8)  and  De  Soto 
2353-7  materials  were  considered  failures,  since  neither  passed  the  thermal  humidity 
aging  test  (Appendix  A)  or  the  fungus  tests  (Appendix  B).  As  a  result  of  these  failures, 
the  6  month  sheif  life  tests  for  these  two  candidates  were  cancelled.  The  results  of  the 
Q  resonance  tests  are  displayed  with  no  pass-fail  judgement  added.  This  is  because  the 
candidate  materials,  which  fall  into  either  the  acrylated  polyurethane  (De  Soto  and 
Hughson),  or  polyene-thiol  (Grace)  class,  do  not  fall  in  any  of  the  existing  classes  of 
materials  noted  in  MIL-I-46058  (acrylic  resin,  epoxy  resin,  silicone  resin,  polyurethane 
resin  or  paraxylyiene). 
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TABLE  I.  UV  COATING  MATERIAL  SUPPLIER  CONTACT  LIST 


Company  Name 

Candidates  Supplied 

Contact 

Telephone  No. 

W.R.  Grace 

11 

Charles  Morgan 
Dick  Bush 

(301)  531-5711 
(301)  531-4000 

De  Soto 

6 

John  Krajewski 
Wally  Brown 

(312)  391-9441 
(312)  391-9203 

Hughson 

4 

Jim  Fonda 

(814)  868-3611 

Du  Pont 

3 

John  Wood 

(215!  896-2358 

Conchemco 

2 

Jim  Fischar 

(213)  222-5111 

Dynachem 

2 

Larry  Ernster 

(714)  551-6101 

3M 

1 

Jack  Deviny 

(612)  733-6995 

Celanese 

1 

Ken  Zeliznak 

(201)  273-660C 

Lilly  Industries 

1 

Bill  Richardsor. 

(317)  634-8512 

Mac  Derm  id 

1 

Bill  Adams 

(203)  754-6161 

Thiokol 

1 

Betsy  Peterson 

(609)  396-4001 

B.  F.  Goodrich 

0 

Gary  Koch 

(213)  386-^436 

ICI  ArneHca 

0 

Joe  Lombardo 

(302)  575-8422 

Im  jnt 

0 

Bernie  Howard 

(513)  841-6100 

‘JVEXS 

0 

Allan  Puder 

(408)  737-2760 

TABLE  II.  UV  CURED  COATING  MATERIALS  CONDENSED  TEST  SUMMARY  CHAFlT  (U.S.  ARMY  CONTRACT) 


if 


2- 


filters  run  with  BP  in  it 


TABLE  II.  UV  CURED  COATING  MATERIALS  CONDENSEO  TEST  SUMMARY  CHART  (U  S.  ARMY  CONTRACT) 

(Continued) 
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'Temperature  humidity  tests  run  pet  MIL  STD  202  Method  tOB  10  day  cycle.  Exception:  insulation  resistance  readings  taken  before  (initial), 
1  horn,  and  24  hou/i  alter  test. 

parts  -  Bland  B  is  dissatred  in  acetone,  then  added  to  Bland  A. 


After  the  thermal  humidity  aging  test,  Hughson  RD  3630-21  on  th»  test  boards 
appeared  to  have  a  light  orange  shade.  It  was  agreed  at  the  time  ot  the  oral  report  at 
MIRADCOM  in  October  1979  that  it  would  be  desirable  to  determine  whether  the  coating 
or  the  board  had  changed  shade  by  rerunning  the  thermal  humidity  aging  test. 

While  preparing  for  this  additional  testing,  three  new  candidate  materials,  Grace 
XRCP  432C,  De  Soto  2633-115-1  (+BP),  and  3M  L-4637  (a  cationic  epoxy  system),  were 
received,  evaluated,  and  passed  initial  testing  (see  Table  VI). 

The  second  thermal  humidity  aging  test  was  conducted  from  January  through 
May  1980  with  an  uncoated  board  used  as  a  control.  In  addition  to  the  uncoated  board, 
and  boards  coated  with  the  previously  tested  Hughson  RO  3650-2 1  material,  samples 
coated  with  three  new  candidate  materials  were  included  in  the  test,  boards  coated  with 
Hughes  SCG  material  (HP  16-170,  Type  I)  an  adaptation  of  Uralane  5750  (M6cT  Chemicals 
Co.)  conformal  coating,  was  added  as  a  control.  This  coating  is  routinely  used  at  Hughes 
to  coat  spacecraft  production  boards.  Each  type  of  coating  specimen  (three),  plus  a  bare 
laminate,  were  placed  in  their  own  separate  container  to  minimize  the  chance  of  con¬ 
tamination  from  the  degradation  of  another  coating.  In  the  initial  thermal  humidity 
aging  test,  all  samples  were  run  in  a  single  dessicator  which  could  possibly  have  caused 
cross-contamination  of  test  samples. 

l>e  results  of  this  test  indicated  that  shade  changes  during  the  test  period  occur 
in  the  coating,  rnce  no  shade  changes  were  observed  in  the  bare  laminates  (see  Appendix 
A).  No  reversion,  softening,  chalking,  blistering,  cracking,  tackiness,  or  loss  of  adhesion 
or  liquefaction  of  either  the  Hughson  coating  or  two  of  the  three  new  candidate 
materia^  was  observed. 

The  3M  material  samples  showed  evidence  of  liquefaction  as  exhibited  by  flow 
patterns  (a  nonuniform  sag  of  the  coating  caused  by  gravity)  across  the  specimen.  The 
coatings  were  also  slightly  tacky  to  the  touch  .‘see  Appendix  C). 
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TASK  2.  PROCESS  EVALUATION  AND  OPTIMIZATION 


A  complete  process  for  application,  curing  and  testing  PWBs,  using  UV  conformal 
coating,  has  been  developed  (see  Appendix  A). 

Application 

Dipping  was  the  first  method  used  to  apply  the  coating  to  the  PWBs.  The  evalu¬ 
ation  was  successfully  redirected  toward  the  use  of  spray  application  for  the  following 
reasons: 

1)  Dip  application  usually  requires  more  equipment  (holding  racks,  holding 
fixtures,  tanks,  conveyors,  circulation  devices),  results  in  more  coating 
material  waste  (coating  holding  fixtures,  as  well  as  PWB  assemblies,  and 
run  or  dripoff  losses),  and  requires  more  cleanup  after  coating,  than  does 
spray  application. 

2)  Since  the  UV  coating  material  would  be  inside  a  container  during  spraying 
operations,  instead  of  in  an  open  tank  as  during  dipping  operations,  there 
should  be  the  ability  to  spray  under  existing  incandescent  or  fluorescent 
lighting  (UV  spectrum  emission  filtering  in  production  areas  may  not  be 
required). 

3)  Implementation  of  the  spray  process  for  UV  wquid  entail  only  miner 
changes  to  the  evaluated  existing  Hughes  facility  for  coating  PWBs. 

After  thinning  each  material  to  approximately  175  centipoise,  material  was 
applied  with  a  Sinks  model  26  spray  gun  with  a  7SS  nozzle.  With  the  air  pressure 
between  30  and  40  psi,  the  gun  was  held  about  6  inches  from  the  board  and  the  box  coat 
applied  (see  Figure  2L 

Curing 


Equipment 

The  UV  curing  equipment  used  for  this  Program  was  Interpress  Corp.,  Model  BP 
720-1  SPL  scan  series  (see  Figure  3).  This  equipment  was  used  because  it  was  already  in 
existence  at  Hughes  SCG,  and  has  built-in  features  to  protect  electronic  hardware  to 
prevent  component  overtemperature,  electrostatic  discharge,  and  scanning  lamp 
interference.  This  curing  equipment  is  set  up  in  the  Hughes  SCO  Digital  Electronics 
Production  Area  near  the  exisiting  PWB  conformal  coating  and  UV  cured  marking  ink 
process  areas.  UV  curing  parameters  for  the  oven  were  selected  based  en  previous 
experience  with  UV  cured  ink  marking  presently  used  to  identify  electronic  assembly 
hardware  at  Hughes  SCG. 

Tooting 

Horizontal  and  vertide  holding  fixtures  were  fabricated.  The  horizontal  holding 
fixture  (HQFX)  (see  Figure  4),  was  selected  so  that  the  coated  board  surface  couid  be 
placed  in  the  focal  plane  of  the  lamp.  Although  some  cure  occurs  with  a  vertical  HCFX, 
a  coating  slump  to  the  lower  edge  of  the  beard  occurs  and  the  focal  plane  as 
compromised,  resulting  in  lack  of  uniform  cure. 
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•)  SPRAYING  AREA  (PHOTO  80-85010) 


bl  SPRAYING  TECHNIQUE  (PHOTO  80-4501 1) 
FIGURE  2.  UV  COAT  SPRAY  OPERATION 


Testing 


Cure  Test  Boards 

The  cure  test  boards  (see  Figure  5)  were  2  by  3  inch  pieces  cut  from  Circuit-Stik 
GP  C8102  boards  with,  two  groups  of  three,  side-by-side,  0.25  inch  long  by  0.09  inch  dia¬ 
meter,  carbon  resistors  soldered  to  the  board  sections.  The  lower  surface  of  the  resistors 
were  mounted  to  stand  about  0.05  inch  off  the  board.  This  area  was  hand  filled  with 
candidate  material  to  simulate  a  maximum  filleting  condition  under  the  components.  To 
check  the  cure  of  coating  in  shadowed  areas,  the  leads  on  one  side  of  one  group  of 
resistors  were  cut  after  UV  exposure  and  the  resistors  peeled  back  to  see  if  there  was 
uncured  coating  material  under  them.  This  was  determined  by  probing  in  the  fillet,  and 
by  finger  touch.  After  the  secondary  thermal  exposure,  the  leads  of  the  second  set  of 
resistors  were  cut  and  the  resistors  peeled  back.  The  completeness  of  coating  surface 
cure  was  checked  by  rubbing  with  a  dry  Q-tip  and  by  touch. 

Insulation  Resistance 


Y  pattern  test  boards,  with  about  2  inch  long  standard  electrical  insulated  wires 
soldered  to  them  (similar  to  the  boards  called  out  in  MIL-I-46058),  were  isopropyl  alcohol 
scrubbed,  Ajax  scrubbed,  deionized  water  rinsed,  and  oven  dried  for  2  hours  at  200°F. 
They  were  then  electrically  tested  at  room  temperature  with  a  Model  1863  General 
Radio  Megohm eter.  Ail  the  boards  produced  resistance  readings  greater  than  20  x  1012 
ohms.  This  was  a  preliminary  screening  test,  since  the  meter's  next-to-last  division  is  at 
20  x  1012  ohms,  and  the  last  division  is  infinity.  The  boards  were  then  coated  and  UV 
cured  and  the  insulation  resistance  was  measured  again. 

Coating  Thickness  Measurements 

Cured  coating  thickness  measurements  were  taken  using  a  micrometer  on  both 
the  cure  test  boards  and  the  insulation  resistance  test  boards. 

Appearance  Observations 

Visual  observations  were  made,  usually  without  magnification,  for  such  items  as 
bubbles,  transparency,  color,  and  cracking  using  fluorescent  lamp  room  lighting. 

The  coating  was  checked  to  see  if  fluorescence  was  exhibited  when  viewed  under 
UV  illumination  using  a  Biack-Ray  Model  B-100A  (Ultra-Violet  Products  Inc.,  San 
Gabriel,  CA)  longwave  UV  lamp  unit. 


TASK  3.  PROJECTED  COST/VALUE  ANALYSIS 


An  analysisof  the  material  costs  to  conformally  coat  a  typical  PWB  using  the 
spray  application  method  was  performed.  The  Hughson  material  was  the  only  material 
that  passed  all  the  applicable  MIL-I-46058  tests,  and  was,  therefore,  the  only  material 
priced.  A  comparison  was  made  between  the  coating  costs  using  a  CONAP  Conathane  kit 
applied  per  Hughes  specification  HP  16-119  (see  Appendix  D)  versus  the  Hughson 
Chemical  UV  curing  material.  No  cost  advantage  was  determined  for  either  system. 
Results  and  calculations  are  shown  in  Table  VII. 

It  is  noted,  however,  that  nonquantifiable  advantages  may  be  gained  from  spray- 
able  UV  cured  coatings  qualified  subsequent  to  this  Program,  such  as: 

•  No  component  mixing  (excess  material  can  be  reused) 

•  Usually  solvent  free 

•  Initial  cure  in  seconds,  including  obscured  areas 

The  savings  that  accrue  are  from  the  elimination  of  mixing  and  ease  of  handling. 


TABLE  VII.  MATERIAL  COST  ANALYSIS 


Material 

Cost/Gellon, 

dollar 

No.  PWBs 
Coated 

Cost/Board, 

dollar 

CO  NAP  Conathane  Kit 

43.10* 

130 

0.33 

Hughson  Chemical  RO  3650-21 
70%  at  $51.85  *$36.30 

y 

Butyl  acttata 

30%  at  $27.73*$  8.31 

• 

Total  cost  $44.61 

44.61** 

137 

0.33 

Source:  'Hughes  T ueson  pricing 
••Vendor  verbal  quote 
(Teleeon) 
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PHASE  II 


Task  L  Production  Facility  Specified  and  Documented 
Task  2.  Delivery  of  Printed  Wiring  Boards 
Task  3.  Industry  Debriefing  Session  Held 


TASK  1.  PRODUCTION  FACILITY  SPECIFIED  AND  DOCUMENTED 


A  production  facility  capable  of  producing  750  typical  PWB  assemblies  per  8  hour 
work  day  was  specified  A  survey  was  made  of  two  of  the  principal  Hughes  groups  manu¬ 
facturing  military  electronics  systems  containing  PWBs,  These  were  Hughes  Missile 
Systems  (Tucson)  and  Hughes  Electro  Optical  and  Data  Systems  (El  Segundo). 

Personnel  contacted  at  Hughes  Missile  Systems  were  Tom  Sutherland  and  Bob 
Knorr.  Contacted  at  Hughes  Electro  Optical  and  Data  Systems  (EODS)  were  Earl  Holst 
and  Bill  C.  De  Baca.  These  persons  are  knowledgeable  and  actively  involved  in  conformal 
coating  processing  of  PWBs.  The  specified  facility  contains  a  series  of  batch-run 
automated  and  semiautomated  processing  machines.  This  concept,  rather  than  a  fully 
automated  system,  was  chosen  because  of  high  initial  implementation  cost  requirements, 
and  to  minimize  production  losses  due  to  individual  machine  outage. 

Table  VIII  lists  the  materials  and  equipment  required.  Figure  6  is  the  work  flow 
diagram  and  Figure  7  shows  the  facility  layout.  Figures  8  through  1 1  are  photographs 
showing  the  individual  equipment. 


TABLE  VUI.  PROPOSED  UV  PWB  COATING  MATERIAL 
AND  EQUIPMENT  REQUIREMENTS 


No. 

Cost 

Material/Equipment 

Req'd 

$K 

Model 

Solvent 

Automatic  cltantr 

1 

40 

Electro  Kleen  System: 

Trichloroethane 

2004  In-Line  Solvent  Cleaner; 
EKS-503  Auxiliary  Solvent 

Cieanar;  7.SAF  Insta  Chill,  with 
stands,  variable  height  load  mod¬ 
ule,  OIGI-LQK  controller,  end 
automatic  refill  system 

Zicon  automatic 

1 

40 

Hughson  Chemical  Part  No.  3650-21 

Butyl  acetate 

coatar 

or  equivalant 

UV  curt  system 

1 

20 

Screen  Printing  Enterprises  UV 

Reactor  Model  3PI-303  (modified) 
or  equivelent 

Bake  out  oven 

1 

19 

Spectra  IR  Modal  or  equivalent 

On-line  inspection 

1 

5 

Conveyor-Black  Light 

Fume  scrubber  end 
ttnting 

t 

10 

Total  cost 

a--. ,  — —  ■  ■  —  i  — 

134 

FIGURE  7.  PROPOSED  UV  PWB  COATING  FACILITY  LAYOUT 
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u  St coo 


FIGURE  10.  ULTRAVIOLET  REACTOR 


TASK  2.  DEUVERY  OF  PRINTED  WIRING  BOARDS 

Ten  production  type  PWBs,  Hughes  Part  No.  867218,  were  processed  with  UV 
conformal  coating  (Hughson)  and  delivered  to  the  customer  (see  Figure  12). 


hi  «OTTOM  VIEW  (PHOTO 

FIGURE  12.  PRINTED  WIRING  SQARO 
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TASK  3.  INDUSTRY  DEBRIEFING  SESSION  HELD 

As  required  by  the  contract,  two  l -day  sessions  were  held  on  23  and  24  June, 
19S0  at  Hughes  Aircraft  Company  in  El  Segundo.  Attendees  from  outside  Hughes  were: 


Name 

Organization 

Location 

Phone 

James  Biust 

Litton  Guidance 
and  Controls 

Woodland  Hills,  CA 

213-837-4301 

Louis  Boccia 

Lockheed  .Missiles 
and  Space 

Sunnyvale,  CA 

403-742-3934 

Jim  Brewer 

Interpress 

Duarte,  CA 

213-337-5061 

Robert  Brown 

USA  MICOM 

Huntsville,  AL 

205-S76-5742 

Waiiy  Brown 

De  Soto 

Des  Plaines,  1L 

312-391-9203 

Dick  Bush 

W  R  Grace 

Columbia,  MD 

301-531-4566 

Napoleon  Ceiestine 

3oeing  Military 

Aircraft 

Wichita,  KA 

316-637-2653 

James  Cherry 

Vought  *  • 

Dallas,  TX 

214-265-2486 

Bill  Clark 

Magnavox  Electronics 

Ft.  Wayr.e,  IN 

219-462-4411 

Tom  Clark 

Ford  Aerospace 

Newport  Beach,  CA 

714-759-6671 

Tom  Clawson 

Ford  Aerospace 

Newport  Beach,  CA 

714-739-5096 

Irven  Coppenger 

Vought 

Dallas,  TX 

21 4-266-7S55 

Jar;  Drlik 

Lockheed  M  issues 
and  Space 

Sunnyvale,  CA 

403-7 42-1336 

James  Ewell 

Lockheed  Missiles 
and  Space 

Sunnyvale,  CA 

403-742-9339 

J.  Fiinchbaugh 

Lilly 

Los  Angeies,  CA. 

213-722-7511 

James  Fonda 

Hughscn 

Erie,  PA 

314-363-361 1 

Alar.  Gershman 

General  Dynamics 

Pomona,  CA 

714-620-6511 

F.  Me  Dansei 

Boeing  Military 

Aircraft 

Wichita,  KA 

316-637-2653 

Dick  Mce 

TRW 

Redondo  Beach.  CA 

2  •  3-536-*.  i  s6 

3- 


Ben  Nieswiadomy 

Vought 

Dallas,  TX 

214-266-3748 

Dan  O'Hailoran 

Ford  Aerospace 

Newport  Beach,  CA 

714-759-6331 

George  Phelps 

Ford  Aerospace 

Newport  Beach,  CA 

714-759-5674 

Alien  Puder 

UVEXS 

Sunnyvale,  CA 

408-737-2760 

B.  Rocha 

TRW 

Redondo  Beach,  CA 

213-535-2493 

Richard  Schecter 

Litton  Guidance 
and  Controls 

Woodland  Hills,  CA 

213-887-2160 

David  Seivis 

Raytheon 

Lowell,  MA 

617-230-0601 

Maria  Villa 

E.  W.  Dom 

Gardena,  CA 

213-532-0300 
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SECTION  4 


CONCLUSIONS  AND  RECOMMENDATIONS 


1.  Conclusions  Regarding  Materials  and  Processes 

2.  Recommendation  for  Future  MMdcT  Effort 
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1.  CONCLUSIONS  REGARDING  MATERIALS  AND  PROCESSES 
The  conclusions  arrived  at  from  this  evaluation  were: 

1)  UV  cured  conformal  coating  of  PWBs  can  be  performed  successfully. 

2)  One  material,  Hughson  RD  3650-21,  met  the  objectives  of  one-part  system 
(no  mixing),  and  passed  all  applicable  MIL-I-46G58  test  requirements. 

3)  '  Minor  shade  changes  during  hydrolytic  stability  testing  occurs  within  the 

coating,  but  no  detrimental  effect  has  been  noted,  since  the  lettering  on 
components  under  the  coating  is  clearly  visible. 

4)  The  material  can  be  spray  applied,  UV  cured,  and  oven  post -cured  (25 
minutes  at  200°F)  using  a  Hughes  SCG  deveioped  process. 

5)  Two  iate  arriving  candidates,  Grace  XRCP  432C  and  De  Soto  2633-115-1 
(+BP),  have  passed  ail  the  tests  run  to  date  (cure,  hydrolytic  stability,  flex, 
insulation  resistance,  and  appearance)  and  are  potential  candidates  for 
later  full  qualification  testing. 


2.  RECOMMENDATION  FOR  FUTURE  MMicT  EFFORT 


It  has  been  demonstrated  that  PWBs  can  be  conformally  coated  with  a  UV  sensi¬ 
tive  materia]  and  UV  cured  in  a  matter  of  seconds.  An  additional  cure  (conventional)  is 
required  to  ensure  complete  curing  of  the  shadowed  areas  (areas  beneath  or  adjacent  to 
components  that  are  shielded  from  the  UV  source). 

Recommendations: 

; 

•  Solicit  and  test  new  material  candidates  to  meet  the  requirements  of 
MIL-I-46058.  This  should  result  in  material  cost  reductions  due  to 
vendor  competition. 

•  Develop  combination  UV/therma!  one-step  cure  equipment.  This  would 
result  in  less  physical  handling  of  production  hardware,  which  would 
reduce  costs  and  reduce  chances  of  damage  due  to  dropping,  etc. 

•  Develop  rework  and  repair  techniques  for  cured  coating,  including: 
removal  and  replacing  of  components;  patching  uncoated  areas;  fixing 
flaws,  inclusions,  bubbles;  etc. 

•  Evaluate  effect  of  stresses  on  coated  glass  body  components.  If  no 
sleeving  prior  to  coating  is  required,  the  assembly  price  would  be 
lowered. 

•  Develop  aerosol  spray  can  coating  application  method  to  be  used  for 
repair,  etc. 

•  Develop  optimized  methods  for  covering  sharp  projections  on  PWBs. 

•  Evaluate  benign  reactive  diluents  as  replacement  for  the  resin  thinners 
used  on  this  program  to  eliminate  the  need  for  solvent  vapor  exhaust 
systems. 
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Qualification  teats  in  accordance  vith  MU-1 -16058  vers  performed  on  three  dif¬ 
ferent  ultraviolet  radiation  curable  conformal  coatings,  lie  three  coating 
aaterials  vere  9332  A  ♦  3  from  V.  R.  Grace  Co.,  2353-7  plus  benzoyl  peroxide  (3?) 
from  Desoto,  Inc.,  and  3D-3650-21  from  Hugfason  Chemical  Co.  The  W.  3.  Grace 
and  Desoto  coatings  are  tvo  component  aaterials  and  the  Hughaon  coating  is  a 
single  component  material.  The  V.  R.  Grace  and  Desoto  aaterials  did  sot  meet 
the  MXL-I-L6058  requirements  for  fungus  resistance  and  hydrolytic  stability. 

The  Hughson  material  met  all  requirements  of  MIL-I-L6053  vith  the  exception 
of  Q  (resonance).'  The  Hughson  coating,  hcvever,  dees  not  fit  into  the  five  coat¬ 
ing  types  specified  in  MH-I-I8058.  Nev  Q  (resonance)  requirement  ■values  for 
this  coating,  or  for  U.V.  cured  coatings  in  general,  should  be  established 
in  order  for  this  type  coating  to  be  qualified  to  MIL-I -16058 . 


OTRODUCTIOR 


S&CG  received  a  U.S.  Arty  Contract,  DAAK  10-78-C-0272,  to  tsst  and  evaluate 
ultraviolet  radiation  curable  conforaal  coatings  in  accordance  vith  the  require¬ 
ments  of  KI— I-L0Q58.  SACG  personnel  conducted  a  survey  of  various  coating 
manufacturers  and  procured  sample  coatings.  After  an  initial  screening  pro¬ 
cess,  the  three  most  promising  candidate  coatings  vere  selected  for  qualifica¬ 
tion  testing  to  MIL-I-16053.  The  three  candidate  coatings  vere  suhnitted  by 
V,  R.  Grace  Co.,  Desoto,  Inc.,  aid  Hughson  Chemical  Co. 

PROCEDURE 


T5D  personnel  prepared  all  test  specimens ,  conducted  the  tests,  except  for 
fungus  resistance  and  hydrolytic  stability,  and  evaluated  the  results.  The 
fungus  resistance  test  was  performed  by  True shall  Laboratories ,  Inc. ,  Los 
Angeles,  and  the  hydrolytic  stability  test  vas  performed  by  Delsen  Testing 
Laboratories,  Inc.,  JHesdale.  SACO  personnel  applied  all  coatings  and  per¬ 
formed  the  ’J.7.  cure  procedure.  Test  descriptions  and  conditions  are  sfacvu 
in  Table  1.  The  test  specimens  vere  aarhed  vith  the  fallowing  designations 
to  identify  the  three  different  coatings:  2S  (Desoto),  GS  (».  3.  Grace), 
and  HS  (Hughson) .  The  letter  *S"  in  each  case  stands  for  spray  application. 
The  letter  desiccation  **3",  "HR",  or  "RRR*  oa  test  specimens  refers  to  1st 
repeat,  2nd  repeat  and  3rd  repeat  respectively.  The  specimens  vere  divided 
as  specified  in  Table  I  fcr  Groups  I  to  7Z Z  inclusive  and  subjected,  in  the 
order  shova ,  to  the  inspections  for  their  particular  group. 
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Examination  or  Test 


Group  I 

Curing  time  and  temperature - 

Coating  thickness - - 

Fungus  resistance - - - 

Group  H 

Shelf  life - 

Appearance-— — — —  —  —  — •  — — • - 

Insulation  resistance-— ----- 
Dielectric  vithstanding  voltage- 

Group  HI 

q(  resonance - 

Thermal  shock-— - — —  —  — — 

Appearance  - — - 

Dielectric  vithstanding  voltage- 

'  Group  IV 


Appearance— —  ——  —  —  ————— 

Insulation  resistance—————— 

Moisture  resistance— — — — — - 

Appearance  ————  —  ———— 

Insulation  resistance——  — 
Dielectric  vithstanding  wcltage- 

Grcup  V 


Flexibility  • 


Hydrolytic  stability-  —  —  - 


Group  VH 


.fication  Inspection. 

Test  Me  uod 


FED. STD. 1^1,  Method  U06l 
Visual-10  Power  Magnification 
Micrometer 
A STM  G-21 


Visual-10  Power  Magnification 
MIL-STD-202,  Method  302,  Cond.  3 
MIL-STD-2Q2,  Method  301 


ASTM  D150  &  Para.  U.8.8 
KEUSTIU202,  Method  107,  Cond.  B-2 
See  I  *  II 
See  H 


See  I  &  II 
See  XI 

KEu-STD-202,  Method  106 
See  I  1  II 
See  21 
See  U 


FSD-STD-lU,  Method  6221,  1/3  Inch  Mandrel 


120  Days  at  85  *1  °C  and  95 
Helati ▼«  Eunidity 


Flame  resistance 


FED-STD-kOfi,  Method  2021 
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RESULTS 

The  results  of  the  qualification  test3  listed  in  Table  I  are  shcvn  in  Tables  HI 
through  XVHI.  A  sunmary  of  all  test  results  is  shovn  in  Table  II.  Table  XU. 
lists  the  dr?  fils'  thicknesses  of  all  specimens  vhich  vere  subjected  to  the 
Group  HI  test  schedule. 


TABLE  II..  Summary  Table  of  Results. 


MH-I-16058  Test 

Reference 

Table 

U.V.  Cured  Coating 

Desoto 

V.  R.  Grace 

Hughs  on 

Group  I 

Curing  Tine  and  Temperature 

m 

Passed 

Passed 

Passed 

Appearance 

HI 

Passed 

Passed 

Passed 

Coating  ThicJoess 

IV 

Passed 

Passed 

Passed 

Fungus  Resistance 

V 

Failed 

Failed 

•  Passed 

Group  Et 

Shelf  Life 

VI 

Rot  Tested 

Sot  Tested 

Passed 

Appearance 

VI 

Soc  Tested 

Sot  Tested 

Passed 

Insulation  Resistance 

VI 

Sot  Tested 

Sot  Tested 

Passed 

Dielectric  Withstanding  Voltage 

VI  • 

Set  Tested 

Sot  Tested 

Passed 

Group  HI 

Q(  Resonance) 

VH,  VIH,  IX,  X 

1/ 

1/ 

1/ 

Thermal  Shoes 

XT 

Passed 

Passed 

Passed 

H 

Passed 

Passed  i  Passed 

Dielectric  Withstanding  Voltage 

H 

Passed 

Passed  j  Passed 

Group  IV 

Appearance 

XH.  XHI,  H7 

Passed 

Passed  Passed 

Insulation  Resistance 

Passed 

Passed  Passed 

Moisture  Resistance 

XH,  HH,  H7 

2/ 

2/  1  Passed 

Appearance  * 

hi,  xhi,  rrv 

Passed 

Passed 

Passed 

Insulation  Resistance 

•  hi,  xhi,  nv 

2/ 

2/ 

Passed 

dielectric  Withstanding  Voltage 

XT 

Passed 

Passed 

Passed 

Group  V 

"'lesibility 

X7T 

Passed 

Passed 

A-5 
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TABLE  II  (Continued). 


MIL-I-I6058  Test 

Reference 

Table 

U.V.  Cured  Coating 

Desoto 

W.  R.  Grace 

Hughs on 

Group  VI 

Hydrolytic  Stability 

xvn 

Failed 

Failed 

Passed 

Group  VTI 

Flame  Resistance 

xvm 

Passed 

Passed 

Passed 

1/  The  requirement  values  for  this  test  are  different  for  each  generic 
coating  type  specified  in  MIL-I-16058.  See  discussion  section  of 
report. 

2 J  This  test  vas  ran  three  tines.  The  Desoto  and  V.  R.  Grace  coatings 
~  "passed"  once  (2nd  set)  and  "failed"  twice  (1st  and  3rd  sets).  The 
requirement  values  are  for  MXL-I-16058  types  AR( acrylic),  SR( silicone) 
UR  ( polyurethane ) ,  and  Xl(parylene) .  The  Desoto  and  V.  R.  Grace 
coatings  "passed"  and  "failed"  by  a  small  margin  in  each  case. 


TABLE  HI.  Cure  and  Appearance. 


Specimen 

Designation 

Curing  Time  and  Temperature 

Appearance 

Test  Result 

Requirement 

Test  Result 

Requirement 

f 

U.V.  Cured  Plus 

25'  Minutes  In 

200  °F  Air 
Circulating  Oven 
It 

_ I _ 

Time  and 
Temperature 

Passed 

MIUI-16058, 
Para.  3.5 

IGS  1-1 

Recommended 

By  The 
Supplier 

Passed 

as  1-1 

Ptssed 

PIC  Toll. 32/213 
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TABLE  IV.  Dry  FI la  Coating  Thickness  (Inches) 


Desoto 

IDS  1 

IDS  2 

ins  3 

IDS  4 

0.0015 

0.002 

0.001 

0.001 

V.  R.  Grace 

IGS  1 

IGS  2 

IGS  3 

IGS  4 

0.001 

0.0015 

0.001 

0.001 

Hughs  on 

IBS  1 

rss  2 

IBS  3 

J2S  4 

0.001 

0.0015 

0.0015 

0.001 

Requirenent 

O.OC2  J 

0 .001 

TA3L&  7.  Fungus  Resistanc 


Specinen 


Controls 
(Filter  Paper) 

ns  i-4 

ICS  1-4 

SS  1-4 


Rating  2 

t 

After 

7  Days 

After 

14  Days 

After 

21  Days 

After 

26  Days 

Requirenent 

1/  See  attached  test  report  free  Truesdaii  laboratories,  Inc. 

2/  Hating:  0  *  to  growth,  1  »  traces  of  growth,  2  *  light  grtrwth, 
3  ■  noderate  growth,  '*  »  heavy  growth. 


Spec  into 


Appearance 


TABLE  VI.  Shelf  Life  l-" 


Insulation  Besistan 


Observation  j  Requiresest  j  Test  Result 
I  ( Cfcrs ) 


ms 

1 

|  Passed 

H3S 

2 

j  Passed 

3 

|  Passed 

=ns 

«* 

Passed 

MII-:I-htC$8 
Para.  3-5 


1  x  1C*U 
5  i  10*5 
•i»  X  10** 
3  x  10** 


'Chns  yin 


J 

J 

1.5  x  10*2 

r 


Dielectric 

Withstanding  Voltage 


Test  Result  [  Eequlrese 
!  Mi  croacperes ) 1  (Mi  crcarpe: 


0.74  So  disruptive 

n  Co  disenarge. 

leakage  rate 
0.74  shall  act 

»  •,«-  exceed  1C 

u .  I  o 

nicrrtnreres 


Average  2' 


1'  The  Hugns 

> 

The  arena 

1 

2.5  x  111 
than  1. 5 

c 

i 

r 

* 

one  auiy  sateria.  tested  far  typical  shelf  life  characteristics 

.atlas  resistance  of  the  tested  specinens  stall  he  a  ni nines  of 
latios  resistance  far  each  coated  specinen  shall  he  net  less 
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TABLE  711.  Q  (Resonance)  Valuea  1/ 


Specimen  Measurement 
Condition  Frequency 
(MHZ) 


Q  Value 


DESOTO 

XXZDS  IS 

hup  2R 

mss  3R 

HISS  43 

Average 

Requirement 

(Minimum) 

Uncoated 

Specimens 

1 

43.402 

22.901 

35.976 

43.171 

36.362 

50 

50 

73.504 

73.097 

71.972 

BriEw.fl 

72.536 

70 

100 

77.329 

83.678  . 

89.467 

68.897 

79.843 

70 

Coated 

Specisens 

1 

54.396 

57.623 

57.623 

56.701 

56.586 

— 

50 

79.197 

75.171 

73.126 

76.782 

76.069 

— 

100 

83.449 

mmm 

wmm 

.  - 

Coated  Sper 

(af- 

1 

1*2.306 

35.694 

38.244 

38.244 

38.622 

_ 

ter  24  Hr. 

50 

52.016 

46.707 

47.656 

49.774 

49.038 

— 

laaerslon 

In  Water) 

100 

81.273 

79.676 

79.454 

81.133 

80.384 

— 

V.  H.  GRACE 

IIIGS  13 

IIIGS  23 

IIIGS  33 

mas  43 

Average 

Requirement 

(Minisum) 

On coated 

1 

46.768 

43.171 

46.768 

37.214  * 

43.480 

50 

50 

67.688 

72.930 

74.653 

71.972 

71.810 

70 

10  a. 

64.705 

70.496 

67.941 

67.941 

67.771 

70 

Coated 

Specisens 

1 

55.318 

55.318 

53.474 

56.240 

55-087 

— 

50 

80.185 

74.170 

79.094 

75.737 

77.297 

— 

100 

86.173 

84.593 

B3?K3M 

86.288 

_ 

Coated  S pe¬ 
els  tea  (AT- 

1 

38.244 

27.008 

27.008 

38.244 

32.626 

ter  24  Hr. 
Issersion  ' 
— -5.  Water) 

50 

48.715 

47.722 

48.715 

49.734 

48.721 

— 

10b 

82.632 

80.960 

88.331 

79.676 

82.900 

— 

nuGiiSOy 

IZSS  is 

nm~m~ 

sfK3ir 

Average 

Requirement 
( Minimus} 

Uncoated 

* 

A 

34.352 

28.473 

28>T3 

50  ! 

50 

31.561 

75.502 

7c  i 

100 

B&KfM 

73.390 

68.880 

69.191 

70 

Coated 

Specisens 

53.013 

56.240 

55.318 

36,378 

50.362  ! 

— 

50 

80.370. 

80.870 

79.094 

102.483 

85.829  j 

— 

100 

84.593 

34.593 

90.308 

141.879 

100. 34 3  ! 

i  Coated  Spe- 
!  ciseas  (Af~ 

31.690 

41.665 

35.522 

— 

ter  2k  Hr. 
Immersion 
la  «atei ) 


50 


51.980  j  51.362  |  54.010  j  4§ . 329  !  51.670  |  — 


ICO 

53.772 

80.775 

50.775 

139.954  j  96.327  J 

1/  Q{  Resonance}  testing  at  100  Mat  has  been  eliminated  free  XH-I-46C53  per 
~  Amendment  3.  3  April  1979. 

A-S 
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TA3LZ  VIII .  g( Resonance)  Values  -  Additional 
Huibacn  Soecisena  (3rd  5«x )  1 I 


Speciaen 

Condition 


Uncoated 

Speciaena 


Coated 

Speciaena 


Meaaureaeat 

Frequency 


mss  132  I  II3S  2R2 


63.330 
89. 82U 
33.169 


56.271 

70.369 

78.359 


55.1*23 

67.702 

63.331 


6S. 330 
36.305 
76.1*1*2 


36.753 

67.550 

75.533 


53.575 

63.653 

63.381 


g  ,ralue 


IES  3R2  |  HISS  URH  |  Average  Requirsnen: 

( Minims ! 


71*.  021* 
88.308 
76.988 


58.325 

63.781* 

76.115 


52.651 

75.51*2 

70.306 


71*. 021* 
90.11*1* 
31.802 


57.503 

71.363 
71*.  253 


1*2,375 

73.96? 

67.931 


71.177 

38.395 

79.600 


51.006 
71.1*66 
5a. 999 


y  See  Table  footnote  1. 


TA3LS  m.  g(?.eaoaaace)  Values  -  Additi 
Snatscn  Sneeiaena  i**tb  Setl 


Speciaen 

Condition 


Meaauresent 

Frequency 

(MEs) 


g  Value 


seated  Spe¬ 
ctres  a  '■  Af* 
-er  2’<*  Sr. 

Iraeraian 


T^rgs  i?jq 


93.635 

78.036 

fio.ili* 


aa.150 

68.502 

*66.271* 


33.363 
76.397 
Si. 369 


30.0C6 

68.029 

71.526 


55.595 

72.529 

59.91*2 


63.263 

76.397 


76.360 
67.060 
88 . 386 


38.150 
69.6I9 
76.  Ei*C 


31.971 
71*.  763 
7S.3l*9 


78.208 
61*.  123 
67.985 


38.150 

72.-13 

6c.2?~ 


Average 


26.21*6 
T6. 6**8 
-9.290 


-3.51*5 

55.108 

65.26- 
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TABI2  X.  Percent  Change  la  Q( Resonance)  1/ 


Specimen 

Condition 

Measureaent 

Frequency 

(MHz) 

Percent  Change  In  Q 

IUDS  U»H 

mes  u*h 

inss  i-i*r 

IXI3S  1-1*  RR 

III2S  1-4RSH 

Requirement 

(Maximum) 

2/ 

Before  And 
After 
Coating 

1 

55.6 

26.7 

10l*.5  • 

9.1 

U.l 

9 

50 

msm 

7.6 

13.7 

21.8 

15.0 

19 

100 

1.8 

27.3 

1*5.0 

warn 

13.8 

9 

Before  And 
After  2k  Sr. 
Inversion 

In  Vater 

1 

31.7 

U0.3 

28.9 

21.2 

'  U.l* 

9 

50 

35.5 

37.0 

39.8 

2.8 

6.9 

5 

100 

1.1 

3.9 

l*.0 

9.3 

2.1* 

7 

1/  See  Table  VH,  footnote  1. 

2/  These  requirement  values  are  for  acrylic  (Type  AH)  coatings  only  (See  MH-I-16058, 
*"*  Para.  3.11).  These  values  are  shewn  for  reference  only  aad  should  not  he  binding 
upon  acceptance  or  rejection  of  these  coatings  to  the  Q(Besonasce)  test.  A  new 
classification,  U.7. ,  should  be  established  and  aaaosaa  Q(3esooasce}  parameters 
designated. 


A-SG 
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TABX2  XI .  Thermal  Shock  Tj 


Speciaea 

Appearance 

Dielectric  Withstanding  Voltage 

Observation 

Requi resent 

Test  Result 
(Microanperes) 

Requireaent 

DESOTO 

HIES  13 

Passed 

■ 

o.ua 

IIIES  2? 

Passed 

0.50 

HIES  33 

Passed 

0.50 

HISS  UR 

Passed 

O.UQ 

V.  R.  GRACE 

IUGS  IB 

Passed 

0.52 

HIGS  23 

Passed 

0.52 

mes  3B 

Passed 

O.UQ 

HIGS  UR 

Passed 

0.50 

So  Disruptive 
Discharge. 
Leakage  Rate 
Shall  Sot 

Stceed  10 
Microanperes 

HUGHS Off 
(2nd  Set) 

MIL-I-U6058, 
Para  3.5 

HIES  13 

Passed 

0.50 

mas  2B 

Passed 

0.52 

mss  33 

Passed 

0.52 

IIXHS  Ur 

Passed 

0.50 

HUGHSOT 
(3rd  Set) 

mss  133 

Passed 

o.ua 

TTTSS  233 

WKSB3KM 

0.50 

Passed 

0.50 

TUBS  UR? 

Passed 

0.50 

1/  Therssl  Sccci  Test  vas  set  rssa  sc  specimens  HUS  1**>S5?.. 


A- 4  s 


Table  XII,  footnote  2. 

Table  XII,  footnote  3  end  special  note. 


*>  ♦» 
0  o 


-o  J5 

*  a 

6*  I- 

<i  m 
V  V 
ta  to 


cvTi 
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TABLE  XV.  Dielectric  Withstanding  Voltage  1 J 


Leakage  Current  (Microanperes ) 


2nd  Set 

3rd  Set 

Requirement 

Specimen 

Teat 

Specimen 

Teat. 

Result 

Result 

DESOTO 

* 

rvis  is 

1.057 

I7BS  1 

0.U8 

I7DS  22 

0.867 

I7DS  2 

0.96' 

I7DS  32 

0.957 

IUDS  3 

1.08 

IVDS-  UR  ' 

'*  0.80U- 

ins  u 

0.50 

V.  R.  GRACE 

I7G3  12 

1.082 

IVGS  1 

0.U8 

So  Di. 

Eruptive 

1703  22 

0.910 

I7G S  2 

0.U6 

Discharge. 
Leakage  Rate 

I7GS  32 

0.697 

III0S  3 

1.08 

Shall  Sot 
Exceed  10 

I7G3  UR 

O.TUi 

mas  u 

i.12 

Micro* 

1 

HUGHS 02 

T7HS  12 

1.017 

HHS  1 

0.52 

I7H5  3 

0.339 

ites  2 

0.58 

I7HS  32 

1.158 

mss  3 

0.5U 

IVES  Ur 

0.763 

mss  u 

1.06 

1/  Tie  Dielectric  Vltistasdisg  Voltage  vaa  not  run  cu  1st  set  of  specimens 
~  due  to  inadequate  number  of  specimens  arailabie. 


A-i5 
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TABLE  XVI.  Flexibility  Teat. 


Specimen 

Observation 

Requirement 

DESOTO 

TOS  1 

Passed 

VDS  2 

Passed 

VDS  3 

Passed 

VDS  U 

Passed 

V.  3.  GRACE 

VGS  1 

Passed 

VGS  2 

Passed 

No  C5 

acking 

VGS  3  • 

Passed 

or  C: 

VGS  1 

Passed 

hughson 

• 

VES  1 

Passed 

VHS  2 

Passed 

VHS  3  1/ 

Failed,  1  3/16  Inch  Crack 

VHS  k 

Passed 

.  VES  hr. 

Passed 

1/  This  test  specimen  bad  a  coat lag  thickness  of  0.005  inches 
~  ( 5  ails )  at  tbe  edge  of  tbe  specimen  vbere  the  failure 
occurred.  Tbe  coating  thickness  for  types  A?.(  acrylic) , 

ER( epoxy),  and  UB{ polyurethane)  shall  be  0.002  sO.OQl  laches. 
For  type  XT(?arylene) ,  the  coating  thickness  shall  be 
0.0006  cC.0001  laches.  For  type  SR( siliccae) ,  the  coating 
thickness  shall  be  0.005  20.003  inches. 


DESOTO 


After  28  Days 


Appear  see.;  /  Obs  crvatlon 


DESOTO  After  28  Days 

After  58  Days 

After  8^  Days 

After  120  Days 

Requi  resent 

VXDS  1 

TIES  2 

TIES  3 

Slig 

Disc 

f 

it 

oloration 

Slight 
Tackine 
Loss  of 

Corrosion, 
ss,  and 
Adhesion 

I 

Slightly  Worse 
Corrosion, 
Tackiness,  and 
Loss  of  Adhe¬ 
sion 

Coating  Frac¬ 
tures,  Cor¬ 
rosion, 
MI1-H-55132 
Resistor  Mark¬ 
ings  Illegi¬ 
ble  3/ 

MH-I-h6C58 , 
Para.  3.15 

7TDS  1*  1  Control 

Control 

Control 

Control 

V.  3.  GRACE 

' 

TIGS  1 

TIGS  2 

TIGS  3 

I 

Slight 

Discoloration 

Ertrese 

Corrosion, 
Tackiness,  and 
Liquefaction 
of  Coating 

Severe 
Corrosion, 
Tackiness ,  and 
Liquefaction 
of  Coating 

Caaplete  Rever¬ 
sion,  Corrosion. 
MH-3-55132 
Resistor  Mark¬ 
ings  Illegible 

3/ 

TIGS  L 

Control 

Control 

Control 

Control  2/ 

3UC2SCH 

■ns*  i 

73S  2 

7IHS  3 

I 

Hi 

HH 

* 

Additional 

Darkening 

1 

f 

So  Additional 
Degradation 

Slight 

Darkening  - 
All  Resistor 
Markings 

Legible  3/ 

TIES  U 

Control 

Control 

Control 

Control 

1/  See  attached  test  report  from  Deiaen  Testing  Laboratories,  lac. 

2/  ciis  control  speciaen  was  slightly  tacky  to  the  touch  after  120  days  at  25  °0  sea 
50  percent  relative  hunidity. 

3/  There  are  two  resistors  an  each  test  specimen.  The  MEL-R-39CC3  resistor  is 
~  color  coded  and  the  MH-R-55122  resistor  is  assert  sally  coded. 
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Specimen 


DESOTO 


V.  R.  GRACE 


VUGS  1 
VUGS  2 
VUGS  3 
vugs  k 


HUGHS OS 


VU3S  1 
VUES  2 
VUBS  3 
7IIHS  i* 


Observation 


Self -Extinguishing 


Requirement 


vims  i  . 

vims  2 

• 

Self -Extinguishing 

vims  3 

1 

vims  it 

1 

Self -Extinguishing 
or  Ron-Burning 
After  2  Ignitions 


Self-Extinguishing 
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TABLE  m.  Dr/  his  Thickness  ( laches) . 


Speciaea 

Oacaated 

Speciaea 

Thickness 

Total 
Thickness 
(Both  Sides 
Coated) 

Total 

Coating 

Thickness 

Approximate 
Coating  Thickness 
Per  Side  1/ 

DESOTO 

UHJS  IB 

0.059 

0.060 

0.001 

0.0005 

IIHS  23 

0.06l 

0.0625 

0.0015 

0.0007 

HIDS  33 

0.063 

0.061 

•  0.001 

0.0005 

IXI3S  UR 

0.060 

0.061 

0.001 

0.00C5 

W.  B.  GRACE 

- 1  1  —i  ■ - 

UIGS  12 

0.05'6  * 

0.059 

0.001 

0.0005 

iugs  22 

0.060 

0.062  . 

0.002 

0.001 

UIGS  32 

Q.^59 

0.060 

0.001 

0.0005 

jUIGS  Ur 

0.062 

0.063 

0.001 

0.0005 

HUG3SCN 

HUS  12 

0.059 

0.060 

0.001 

0.0005 

U22S  22 

0.062 

0.063 

0.001 

0.0005 

UZHS  32 

0.060 

0.0615 

0.0015 

0.0C07  * 

TU3S  Ur 

0.062 

0.063 

0.001 

0.0CC5 

HISS  122 

0.058 

•Q.060 

0.Q02 

0.001 

HUS  222 

0.059 

0,0615 

0.0025 

0,0012 

1 ,1  ’  .tS  322 

0.C59 

0.061 

Q.C02 

0.001 

mas  urr' 

0.061 

0.063 

0.002 

0.001 

ZU3S  23SSL 

0.C61 

0,06U5 

0.0035 

0.0017 

IU2S  2223 

3.061 

0.C6U 

0.003 

0.0C15 

IU2S  2223 

0.062 

0.G6U5 

0.0025 

0.0012 

IU2S  URS3 

0.062 

0.06U5 

0.0C25 

0,0012 

1/  Tie  dry  fils  thickness  of  tie  coating  co  each  side  3/  tie  specimen 
was  sot  seastred  separately.  Tie  total  coat  lag  thickness  of  both 
sides  vas  seasoned  tad  divided  b7  tvo.  Ties,  tie  coating  thick¬ 
ness  per  side  is  caly  as  appraxiratica. 
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DISCUSSION  • 

The  Desoto  end  W.  ?..  Grace  U.V.  cured  coatings  failed  the  Fungus  Resistance, 
and  Hydrolytic  Stability  Tests.  These  two  coatings,  therefore,  are  not  accept¬ 
able  for  inclusion  into  ME— 1-46058.  The  Hughs  on  coating  set  all  requirements 
of  MIL-I-^6058  with  the  exception  of  Q(Hesonance). 

The  U.V.  cured  coatings  do  not  fit  into  any  of  the  five  coating  types  speci¬ 
fied  in  ld-I-i6058.  The  "percent  change  in  Q"  values  for  these  coating  types 
vary  considerably  frcn  one  to  another.  New  Q( Resonance)  requirement  values 
for  the  U.V.  curable  generic  type  of  coating  should  be  established  for  quali¬ 
fication  purposes.  The  Hughson  and  Desoto  coatings  are  based  on  a  urethane- 
acrylate  resin  system  and  the  V.  R.  Grace  coating  is  based  on  a  polyene-poly- 
thiol  resin  system.  The  Q( Resonance)  values  for  the  Desoto,  V.  R.  Grace, 
and  Hughson  uncoated  specimens  in  Table  VII  did  not  meet  the  minimum  Q  require¬ 
ment  at  1  MHz  for  the  MIL-? -139^9 ,  Type  GF  laminate  material  which  was  used  to 
make  the  test  specimens.  The  "percent  change  in  Q"  values  (see  Table  VIII), 
before  and  after  coating,  for  the  IIHS  1-fcR,  IIIGS  U»H,  and  IUS3  speci¬ 
mens  are,  therefore,  not  si^lficant  at  1  MEn. 

The  Desoto  and  V.  R.  Grace  coatings  were  not  retested  for  Q( Resonance)  nor  tested 
for  shelf  life  characteristics  because  they  failed  the  hydrolytic  stability 
test.  Two  additional  sets  of  Hughson  Group  III  specimens,  HIES  l-1* HR  and 
UHLS  1-iRRR,  were  prepared  and  subjected  to  the  Q( Resonance)  test.  The  "Per¬ 
cent  change  in  Q"  values  for  the  HIHS  1-1 RR  set  of  specimens  at  1  MHz,  before 
and  after  coating,  and  before  and  after  immersion  in  water  should  be  corrected 
because  of  an  inconsistent  Q  value  for  one  of  the  four  specimens  in  that  group. 
The  Q  value  for  coated  specimen  IIXHS  2HR  at  1  MHz  is  much  higher  than  the 
Q  value  for  the  other  three  specimens  at  1  MHz  (see  Table  VHI).  This  Q  value, 
86.753,  should  be  deleted  and  the  other  three  Q  values  averaged.  The  corrected 
average  Q  value  will  then  be  57.366  instead  of  61.713.  She  corrected  "percent 
change  in  Q"  value  for  the  HIHS  1-lRH  set  of  specimens  at  1  MHz  before  and 
after  coating  will  be  19.1  percent  instead  of  9*1  percent.  The  corrected  "per¬ 
cent  change  in  Q"  value  for  the  HIHS  1-lRR  set  of  specimens  at  1  MHz  before 
and  after  immersion  in  water  will  be  H.1  percent  instead  of  21.2  percent. 

These  corrections  reflect  more  accurate  values  for  this  set  of  Hughson  speci¬ 
mens.  It  is  not  uncommon  to  get  large  variations  is  Q  values  due  to  contamina¬ 
tion  or  moisture  effects.  It  is  recommended  that  at  least  two  sets  of  fcur 
specimens  each  be  used  for  future  Q( Resonance)  testing  to  compensate  for  spe¬ 
cimens  with  "inordinate"  Q  values  relevant  to  mast  of  the  other  Q  values  within 
the  group,  Q( Resonance)  testing  at  100  MHz  has  been  eliminated  from  MIL-1-16056 
per  Amendment  5 ,  3  April  1979 »  and  should  no  longer  be  included,  for  any  future 
work. 

It  has  been  stated  that  the  lughsc us  U.V.  coating  passed  the  hydrolytic  sta¬ 
bility  test  even  gbongh  the  coating  darkened  ( turned  amber)  after  the  120  day 
test  (see  photo).  J2L-I-16058,  paragraph  3.15.2,  states  that  "conditioning 
shall  not  cause  coating  discoloration  greater  than  any  discoloration  of  the 
control  panel".  The  Project  Manager,  J.  ?,.  Fay,  showed  the  exposed  hydrolytic 
stability  test  specimens  to  the  cognizant  U.S.  Army  personnel.  The  U.S,  Amy 
position  was  that  the  exposed  Hughson  coating  exhibited  a  "shade  change"  and 
not  a  color  change.  This  shade  change  or  darkening  of  the  coating  was  consid¬ 
ered  acceptable  to  U.S.  Any  reviewing  personnel. 
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APPENDIX  B.  FUNGUS  RESISTANCE  TEST  REPORT  -  TRUES DAIL 

LABORATORIES 


Truesdail  Laboratories.  Inc. 


CHEMISTS  •  MICROBIOLOGISTS  •  ENGINEERS 

MHAIOM’  *  OCVCIS^MCMT  -  TtlTINO 


4101  N.  FiaUKMOA  ITRCC 

woo  AMOcweo  9  a  a  & 
aaea  eooe  213  •  223-104 

CAOWCt  TRUCWAS 


Hughes  Aircraft  Company 
CLIENT  Cantina  la  and  Taale 

Culver  City,  California  90230 

AHH:  Mr.  George  Acosta  Bids  17,  M/SJ132, 

Lynn  Lora,  Bldg  316,  M/S  &  U9 
SAMPL£  Three  sets  of  coated  glass  (four  specimens-  each) 
Contract  Ho.  DAAK40-79-C-0272 
?.  0.  Ho.  S4-403253-FEM 

INVESTIGATION  Fungus  Resistance  Testing  (ASTM  G-21-70). 


DATE  July  16,  1979 
RECEIVED  May  30,  1979 
LABORATORY  NO.  26840 


/ 


RESULTS 

Fifteen  day  cultures  of  the  following  pure  culture  fungi  were  harvested, 
washed  and  their  spore  counts  adjusted  to  1,000,000  (+  200,000)  per  ml. 


Organism  ATCC  Huaber 


Aspergillus  niger  9642 
Penicilliuo  fimiculosta  9644 
Chaecoaiua  globosum  6205 
Trichodersa  sp  9645 
?ullularia  nullulans  9348 


The  spore  suspensions  were  combined  and  sprayed  onto  the  samples  and 
controls  which  were  placed  on  sterile  mitrienc  salts  agar.  The  s^spies  were 
incubated  at  30*C  for  23  days  and  examined  weekly.  The  results  are  given  bclcv: 


Observations  (Fatlrtt*'1 


Saemlc  Designation 

7  davs 

14  davs 

21  davs  23  dav$ 

1.  Ilughscn  Class  Panels, 

0 

0 

0  0 

IBS  1-4 

2.  DcSotc  Glass- Panels, 

0 

0 

1  i 

IDS  1-4 

3.  Grace  Class  Panels,  • 

0 

0 

0  1 

ICS  1-4 

4.  Controls  (filter  paper) 

4 

4 

4  4 
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Truesdail  Laboratories,  inc. 
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Lab oratory  No.  26S40 


♦Rating:  0  »  no  growth,  1  -  trace*  of  growth,  2  -  light  growth, 
3  ■  moderate  growth,  4  -  heavy  growth 

The  samples  are  being  returned  by  separate  cover. 


Respectfully  submitted, 
T3UESHAH  LABORATORIES ,  INC. 

Ac  iJ  4JJ&. 

Karl  V?.  Schiller,  X.  S. 

Chief  Microbiologist  * 
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TEST  REPORT 
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THERMAL -HUMID  ITT  AGING 


DESCRIPTION  :  Twelve  (12)  specimens,  identified  below,  were  submitted 

for  Thermal -humidity  aging  per  Mii-I-4oQ58C,  Amendment  4,. 
paragraphs  3.15  and  4.8.12. 

GROUP  SERIAL  NUMBERS 


TEST  METHOD 


I  VI 

II  VI 

III  VI 


GS1, 

VI 

GS2, 

VI 

DS1 , 

VI 

DS2, 

VI 

ESI, 

VI 

HS2, 

VI 

GS3,  and  VI  C-S4 
DS3 ,  and  VI  DS4 
HS3,  and  VI  HS4 


Specimen  4  of  each  group  was  maintained  at  25 "C  and 
50  percent  relative  humidity  as  a  control. 


Mil-I-46058C,  Amendment  4,  paragraphs  3.15  and  4.3.12; 
Fed-Std-141a,  Method  4061.1. 


REQUIREMENTS:  3.15  Thermal -humidity  acinc.  When  tested  as  specified 

in  4.8.12,  tne  coating  materials  shall  meet  tne  following 
requirements : 


3.15.1  Hydrolytic  stability .  There  shall  ba  nc  evidence 
of  reversion  as  indicated  by  softening,  chalking,  blistering, 
cracking,  tackiness,  loss  of  adhesion,  cr  liquefaction. 


3.15.2  Discoloration,  The  examination  shall  determine 
legibility  and  distrnguishahility  of  identification  markings 
and  color  cedes  used  to  identify  parts.  Conditioning  shall 
not  cause  coating  discoloration  greater  than  any  discoloration 
of  the  control  ’panel. 
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PROCEDURE:  4.8.12  Thermal -humidity  aging  (see  3.15) .  One  panel  shall 
be  maintained  as  a  control  at ~ 25 aC  and'  SO  percent  relative 
humidity.  Three  panels  shall  be  subjected  to  120  days  at 
85°  +  1*C  and  95+4  percent  relative  humidity,  and  examined 
as  follows  (using“normal  or  corrected  20/20  vision) : 

(a)  After  28,  58  and  84  days  of  exposure,  the  panels 
shall  be  returned  to  25 *C  and  50  percent  relative 
humidity  and  held  for  2  hours.  The  panels  shall 
be  examined  following  each  exposure  and  then 
returned  to  the  chamber  for  continuation  of 
condi tioning . 

(b)  After  the  120-day  aging  period,  the  panels  shall 
be  returned  to  25  “C  and  50  percent  relative 
humidity  and  held  for  7  days.  The  panels  shall 
be  examined  and  compared  with  the  control  panel. 
The  panels  shall  also  be  tested  for  tackiness  in 
accordance  with  method  4061  (Dry-through  for 
varnish,  lacquers  and  enamels)  of  Fed-Std-141. 


[•] 


RESULTS 


EXPOSURE  PERIOD 


(Days) 

28 


36 


RESULTS 


All  nine  specimens  met  the  requirements  of 
paragraphs  3.15,  3.15.1,  and  j.15.2,  except 
all  were  slightly  darker  than  the  control 
specimens. 

(1)  Specimens  GS1,  G52,  and  GS3  showed  extreme 
corrosion,  tackiness,  and  liquefaction.  The 
resistor  color  codes  and  identifications  were 
readable. 

(2)  Specimens  DS1,  DS2,  and  DS3,  showed  slight 
corrosion,  tackiness,  and  less  of  adhesion.  The 
resistor  color  codes  end  identifications  were 
readable. 
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RESULTS  (continued) 

EXPOSURE  PERIOD 
(Days) 


RESULTS 


(3)  Specimens  HSl,  ES2,  and  HS3,  met  all  the 
requirements  of  paragraphs  3.15,  3.15.1/  and 
3.15.2/  except  for  additional  darkening  of  the 
coating. 

All  nine  specimens  exhibited  measling  of  the 
base  material. 

(1)  Degredation  (including  corrosion)  of 
specimens  DS!#  DS2,  and  DS3  was  slightly  worse 
than  that  noted  after  56  days. 

(2)  Specimens  GS1,  GS2 ,  and  GS3  were  severely 
corroded  and  showed  severe  liquefaction  and 
tackiness. 

(3)  Specimens  HSl,  HS2,  and  HS3,  showed  no 
additional  degredation  since  the  56  day  level; 
except  for  additional  blistering  of  the  base 
material . 

All  nine  specimens  showed  additional  degredation 
from  that  noted  after  34  days. 


120  days  plus 
7  days  at  2$aC 
and  501  R.K. 


(1)  Specimens  HSl,  HS2,  and  ES3  met  ail  the 
requirements  of  paragraphs  3.15,  3.15.1,  and 
31.15.2,  except  for  the  slight  darkening  of  the 
coating, after  the  tackiness  test  of  Fed-5td-14ia, 
Method  4061.1. 
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RESULTS  (continued) 


EXPOSURE  PERIOD 


RESULTS 


120  days  plus 
7  days  at  25  "C 
and  50%  R.H. 


(2)  Specimens  DS1,  DS2 ,  and  DS3  met  the 
requirements  of  the  tackiness  test.  Fractures, 
not  associated  with  the  tackiness  test,  were 
also  noted  on  all  three  specimens.  The  markings 
of  the  Mil-R"55182  resistor  were  totally  illegible. 
Also,  the  control  sample,  DS4 ,  was  slightly  tacky 
to  the  touch. 

(3)  Examination  of  specimens  GS1,  GS2,  and  GS3 

at  4 OX  magnification  showed  the  coating  had  reverted 
and  dripped  from  the  surface?  only  a  thin,  dis¬ 
continuous,  tacky  film  remained. 

Photographs  of  one  specimen  from  each  group  were 
submitted  to  Ed  Anderson,  Hughes  Aircraft  Co,, 
after  68,  84,  and  120  days  exposure. 

All  twelve  (12)  specimens  were  returned  to  client 
for  further  evaluation. 


Respectfully  submitted, 

DELSEN  TESTING  LABORATORIES ,  INC. 
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THERMAL-HUMIDITY  AGING 

DESCRIPTION:  Twenty-five  (23)  specimens,  identified  below,  were  submitted 
for  Thermal -humidity  aging  per  MIL-I-46058C,  Amendment  4, 
paragraph  3.15  and  4.8.12. 

GROUP  _ SERIAL  NUMBER _ 

I  MS-1,  MS-2,  MS-3,  MS-4,  MS-5 

II  GST-1,  GST-2,  GST-3,  GST-4,  GST-5 

III  HSR-1 ,  HSR- 2 ,  HSR- 3 ,  HSR-4 ,  H3R-5 

17  DR-1,  DR-2,  DR-3,  DR-4,  DR-5 

V  HP16-170-1,  HP13-170-2,  HP16-170-3, 

HP16-170-4,  HP16-170-5 

Specimen  4  cf  each  group  was  maintained  at  25 °C  and  50 
percent  relative  humidity  as  a  control. 

Specimen  5  of  each  group  was  an  uncoated  control  exposed  to 
the  Thermal-Humidity  Aging  along  with  specimens  1,  2  and  3. 

Three  specines  of  each  coated  type  plus  one  each  uncoated 
specimen (the  control  for  that  particular  coating  group)  were 
placed  in  an  individual  dessicator  using  a  different  dessicatcr 
for  each  of  the  five  different  coated  material  specimens.  A 

total  of  five  dessicatcrs  were  used.  Except  for  the  Teflon 

specimen  holder,  no  other  materials  were  in  the  dessicators. 
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TEST  METHOD  :  MIL-I-46058C,  Amendment  4,  Paragraphs  3.15  and  4.8.12; 

FED-STD-141A,  Method  4061.1. 

REQUIREMENTS :  3.15  Thermal -humidity  aging.  When  tested  as  specified  in 

4.8.177  the  coating  materials  shall  meet  the  following 
requirements ; 

3.15.1  Hydrolytic  stability.  There  shall  be  no  evidence  of 
reversion  as  indicated  by  softening,  chalking,  blistering, 
cracking,  tackiness,  loss  of  adhesion,  or  liquefaction. 

3.15.2  Discoloration.  The  examination  shall  determine 
legibility  and  distinguishability  of  identification  markings 
and  color  codes  used  to  identify  parts.  Conditioning  shall _ 
not  cause  coating  discoloration  greater  than  any  discoloration 
of  the  control  panel. 

PROCEDURE  :  4.8.12  Thermal-humidity  acing  (see  3.15).  One  panel  shall 

be  maintained  as  a  control  at  25 °C  and  50  percent  relative 
humidity.  Three  panels  shall  be  subjected  to  120  days  at 
85°  +  1°C  and  95+4  percent  relative  humidity,  and  examined 
as  follows  (using  normal  or  corrected  20/20  vision) : 

(a)  After  28,56  and  84  days  of  exposure,  .the  panels 
shall  be  returned  to  25 *C  and  50  percent  relative 
humidity  and  held  for  2  hours.  The  panels  shall 
be  examined  following  each  exposure  and  then 
returned  to  the  chamber  for  continuation  of 
conditioning. 

(b)  After  the  120-day  aging  period,  the  panels  shall 
be  returned  to  25°C  and  50  percent  relative 
humidity  and  held  for  7  days.  The  panels  shall 
be  examined  and  compared  with  the  control  panel. 

The  panels  shall  also  be  tested  for  tackiness  in 
accordance  with  Method  4061  (Dry-through  for 
varnish,  lacquers  and  enamels)  of  FED-STD-141. 


At  »  mutur  9* '-9  th«  trufe**  Dtut*  ?•**<*$  rp*  .  'toe*  feiowmin }  »©♦  v«*  c*  £<***  ’© 

o«’v  io  »©>  eht  c^*"***  3*  «?©*»**ti*  e~* 

p«c5v-fW.  Jit  “A-.*  «r.  5»f\.  o*  C?  Mt’i  c*  «*  gay 

Tg  iwmowt  *,+  »yy**  *>1*0*  **»<•€*  t.*jxv *tO+*et  c*  * 

E-a 

TESTING  •  RESEARCH  AND  DEVELOPMENT 


ausi>i « c ■—  «c3 


DELSEN  TESTING  LABORATORIES,  INC. 

1031  FLOWER  STREET  •  GLENDALE,  CALIFORNIA  91201 


213/245-8517 

213/247-4106 


W  0  No 

• 

T  17157 

Roqo  ^  o*  7 

RESULTS : 

A.  Visual  examination  after  2g  days  exposure 
Group  I : 

MS-1,  MS-2,  MS-3:  Light  yellow-brown  streaks  were  noted  along 
the  length  of  the  specimens  on  both  sides.  These  streaks  appear 
to  be  where  the  coating  is  thicker.  Otherwise,  the  specimens 
have  discolored  only  slightly.  All  other  requirements  were  met. 

Group  II: 

GST-i ,  GST-2,  GST-2: 
requirements. 

Group  III: 

KSR-1,  HSR-2,  HSR- 3 : 
requirements . 

Group  IV. 

DR-1,  DR-2,  DR-3:  Slightly  darker  (brown)  than  HSR  and  GST 
specimens. 

Group  V; 

HP16-170-1 ,  HR16-170-2,  HPI6-17C-3:  Moderate  brown  with  slight 
orange  tint.  Meets  all  other  requirements. 

SCTE: 

All  five  bare  laminates  showed  a  very  slight  darkening  in  color 
(darker  green) . 


Only  slightly  discolored.  Meets  all 


Only  slightly  discolored.  Meets  all 
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Visual  Examination  after  56  days  exposure. 

Group  I : 

MS-1,  MS-2,  MS-3:  All  three  coated  specimens  showed  additional  darkening 
of  the  yellcw-brovn  streaks  previously  noted  at  the  28  day  exposure  level. 
MS-1  and  MS-3  showed  a' slight  less  of  legibility  of  the  MIL-R-55182 
resistors.  The  MIL-R-55182  resistor  of  MS-2  was  completely  faded  away. 

There  does  not  appear  to  be  any  change  in  the  coating  in  the  area  of  the 
resistors  which  would  be  attributed  to  an  interaction  between  the  marking 
ink  and  the  coating  (when  examined  at  normal  (corrected)  vision) .  There 
was  no  loss  of  legibility  of  the  MIL-R-39008  resistors.  All  other  require¬ 
ments  were  met,  except  for  a  slight  amount  of  corrosion  along  all  conductors 

Group  II: 

GST-i,  GST-2,  GST-3:  Only  slightly  discolored.  The  markings  of  all  three 
MIL-R-55182  resistors  were  completely  faded  away.  Meets  all  other  require¬ 
ments,  except  for  a  slight  amount  of  corrosion  along  the  conductors  of 
GST-3. 

Group  III : 


Group  IV: 


DR-1,  uR-2,  DR-3:  A-i  three  samples  continue  to  be  slightly  darker  than  the 
HSR  and  GST  specimens.  All  markings  of  the  m:l-R-5S1S2  resistors  are 
completely  faded  away.  Meets  all  other  requirements. 


Group  V : 

KP16-170-1,  KR16-17Q-2,  HR-16-170-3:  All  markings  on  ail  resistors  are 
completely  legible.  The  coatings  are  somewhat  darker.  The  T  pattern 
seems  tc  be  darkened,  also.  Meets  all  other  requirements. 

KCTS :  All  five  bare  laminates  showed  a  very  slight  darkening  in  color, 
(shift  almost  imperceptible) . 
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C.  Visual  Examination  after  3  9  days  exposure. 

Group  I: 

MS-1,  MS-2,  MS-3:  All  three  coated  specimens  showed  additional  darkening. 
The  markings  on  the  MIL-R-55132  resistors  on  MS-1  and  MS-1  were  only 
slightly  legible  and  completely  gone  on  MS-2.  The  markings  of  the  MIL-R-39' 
resistors  were  totally  legible,  except  for  the  gold  band.  MS-2  showed 
considerable  corrosion  on  one  lead  and  terminal  of  the  MIL-R-55132  resistor 
There  was  additional  corrosion  of  the  “Y*  pattern  conductors.  All  other 
requirements  were  met. 

Group  II: 

GST-1,  GST-2,  GST-3:  All  three  coated  specimens  shewed  a  slight  amount  of 
corrosion  along  the  HY"  conductors.  The  gold  band  was  partially  gone  on  all 
three  specimens.  Otherwise,  there  was  no  apparent  chance  or  difference  iron 
the  55  day  level. 

Group  III: 

KSR-i ,  HSR-2,  HSR- 3 :  Slight  corrosion  of  the  MIL-R-39008  resistor  leads  was 
noted  on  HSR-1  and  HSR-2.  A  moderate  amount  of  corrosion  was  noted  on  the 
MIL-R-39003  resistor  leads  on  HSR-3.  The  gold  band  was  partially  gone  on 
all  three  specimens.  Otherwise,  there  was  no  apparent  change  from  the  56 
day  level. 

Group  IV: 

OH-1 ,  OR-2,  DR-3 :  Slight  corrosion  of  the  MIL-R-5  9GQ:)  resistor  leads  was 
noted  on  all  three  specimens.  Also,  all  three  specimens  were  slightly 
darker  in  color.  Only  the  orange  and  yellow  hands  were  legible  on  the  three 
specimens . 

Group  V: 


HP16-170-1,  KPI6-170-2,  HP-16-170-3:  Slight  corrosion  of  the  XIL-R-39GOS 
resistor  leads  was  noted  or.  all  three  specimens.  Ail  three  specimens  were 
significantly  darker,  making  ail  markings  essentially  unreadable. 

SOTS:  Ail  five  bare  laminates  showed  only  slight  additional  darkening. 


*,  ,  -s  et-***’t  •*»  **<S  L*»3**^**  -t  **»  ’»*  ♦»«*»*••*  «**  c*  •«*  <•»■*"*  "o 

rt  -«  SO'*  M  "■»  M*M*J  *««S  *  "•«>  -*»«*«*'■*»  >«?*'**’"»  (■««*-•  t' 

S'oe-^c-i  M  Si  *•»*  ,f0«.v  »*-»>*.*•  *  s-  ^  c**.  »*  Si  t#*>«  »«■**—«*  «  »*»  O' 

,,  '<v*  2«*w-  ■«»'*"«  i ft  <♦ 


TESTING  •  H€S£A*CX  D£VEt'J?WcNT 


St  UCK  *a*v»  MSS 


delsen  testing  laboratories,  INC. 

1031  FLOWER  STREET  •  GLENDALE.  CALIFORNIA  91201 


213/245-8517 

213/247*4108 


j  W  0  No. 

!  T  17157 

>09*  6  o  1  7  Pogei 

Visual  examination  after  120  days  exposure.. 


Group  I : 

.MS-1,  MS-2,  MS-3:  All  three  coated  specimens  showed  evidence  of  lique¬ 
faction  as  exhibited  by  flow  patterns  (  A  non-uniform  sag  cf  the  coating 
caused  by  gravity)  across  the  specimens.  All  MIL-R-39QQ8  markings  were 
totally  illegible;  all  MIL-R-3900S  markings  apparently  were  not  degraded 
further.  Additional  corrosion  of  all  conductors  ("Y"  pattern  and  resistor 
leads)  was  noted.  The  coatings  were  slightly  tacky  to  the  touch. 

Group  II: 


GST-1,  GST-2,  GST-3:  No  apparent  change  from  the  89  day  level. 

Group  III: 

HSR-1,  HSR- 2 ,  HSR-2:  The  MIL-R-39008  resistor  lead  cf  ESA-3  show  additiona 
corrosion.  There  was  no  other  apparent  change  from  the  S3  day  level. 

Group  IV: 

DR-1,  DR-2,  DR-3 :  The  MIL-R-390Q3  resistor  leads  on  all  three  specimens 
showed  additional  corrosion.  There  was-  no  other  significant  change  from 
the  89  day  level. 

Group  V: 


KPi 6-170-1,  HP16-170-2,  KP16-170-3:  Additional  corrosion  of  all  resistor 
leads  was  noted.  There  was  no  evidence  of  corrosion  cn  the  T  pattern. 

Ail  .tree  specimens  were  notably  darker  than  the  89  day  level  colors.  Then 
were  apparently  no  other  changes. 


NOTE :  All  five  bare  laminates  showed  little  or  no  additional  darkening. 
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E.  Tackiness  test  after  120  days  Thermal -Humidity  aging  plus  7  days  at  23°C 
and  50%  relative  humidity.  - 

METHOD: 

MlL-STD-14 1 ,  Mehtod  4061 
RESULTS : 

Following  the  tackiness  test,  there  was  no  additional  degredation  of  any 
of  the  materials  (specimens)  when  compared  to  the  120  day  results.  All 
five  coatings  were  hard  to  the  touch  with  no  evidence  of  chalking,  blister! 
tackiness,  loss  of  adhesion,  or  liquefaction. 


Respectfully  submitted. 


DELSEN  TESTING  LABORATORIES ,  INC. 
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1.  SCOPE 


1.1  Scope .  This  Specification  covers  the  requirements  for  the  application  of 
polyurethane  coatings  to  electronic  assemblies  operating  in  the  temperature  range  of 
-65  to  212  °P  (-5I4  to  100  °C)  (219  to  373  K)  (see  6.1). 

1.2  Classification 


1.2.1  Types.  The  process  shall  be  one  of  the  following  types  as  specified  accord¬ 
ing  to  tne  type  of  material  used: 


Type  I 


Type  II 


Type  III 


Type  IV 


Using  HMS  16-1533,  Type  I,  one-component, 
nonelastomeric  compound.  Solvent  resistant, 
atmospheric  moisture  cured. 

Using  HMS  16-1533,  Type  II,  tvo-component , 
nonelastomeric  compound.  Solvent  resistant. 

Using  HMS  16-1533,  Type  III  (MIL-I-J*6058, 
Type  UR),  tvo-component,  nonelastomeric 
compound.  Solvent  resistant. 

Using  M3L-I-1*6058,  Type  UR,  tvo-component, 
elastomeric  compound.  Not  solvent  resistant. 


Type  V  Using  MIL- 1-^6058,  Type  UR,  one-component, 

nonelastomeric  compound,  solvent  resistant. 
Curing  is  moisture  independent. 

1.2.2  Grades.  Type  III  and  Type  V  coatings  shall  be  one  of  the  following  grades 
as  specified  according. to  the  environmental  protection  required: 

Grade  A  Some  protection  against  condensing 

moisture. 


Grade  3 


Handling  protection,  with  ninimai 
environmental  protection. 


1.3  Superseding  data.  When  existing  drawings  call  out  Type  III  and  do  not 
specify  grade.  Type  III,  Grade  A,  shall  be  used. 


F-3 


COATING .  CONFORMAL,  POLYURETHANE  TYPE,  REVERSION 
RESISTANT,  FOR  ELECTRONIC  ASSEMELJFS,  APPLICATION  OF 


FACE 


OF 

lh 


AEy.SC'i 


R 


HP  16-119 


HUGHES  !  STANDARD 


2.  APPLICABLE  DOCUMENTS 

2.1  Government  documents.  The  following  documents  of  the  latest  issue  in  effect 
fern  a  part  of  this  Specification  to  the  extent  specified  herein: 

SPECIFICATIONS 


Federal 

O-A-51 

TT-I-735 

TT-M-261 

TT-N-95 

TT-X-916 


Acetone,  Technical 

Isopropyl  Alcohol 

Methyl  Ethyl  Ketone,  Technical 

Sapbtha,  Aliphatic 

Xylene  (For  Use  in  Organic  Coatings) 


Military 

MIL-2-7125 

MIL-I-h6058 


MIL-C-81302 


Ethylene  Glycol  Monoethyl  Ether  Acetate 

Insulating  Compound,  Electrical  (For 
Coating  Printed  Circuit  Assemblies) 

Cleaning  Compound,  Solvent, 

Tri chlorotr i fluoroethane 


STANDARDS 


Military 
MIL- STD- 105 


Sampling  Procedures  and  Tables  for 
Inspection  by  Attributes 


2.2  Other  publications.  The  following  documents  of  the  latest  issue  in  effect 
form  a  part  of  this  Specification  to  the  extent  specified  herein: 


Hughes  Aircraft  Company 
KMS  16-1532 


HMS-20-1T07 


HMS  16-1963 


HP  9-2*. 


Coating  Compound,  Polyuretnane  Conformal 
Electrically  Insualting,  Reversion 
Resistant 

Tracer  Material,  Fluorescent, 

Conformal  Coating 

Epoxy  Adhesive,  Temperature  Curing, 
Flexible 

Solder  Flux  Removal,  Resin  Base 


Ire  vision 
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3.  REQUIREMENTS 

•.  * 

.3.1  End  product  requirements 

j.  1 .1  Workmanship 

3. 1.1.3  Applicable  to  all  coated  areas.  Coating  shall  not  exhibit  gross  film  ae- 
:>cts,  such  as  frothy  areas  (massive  bubbles),  blisters,  or  peeling.  Normal  pull  bacr. 
f rorr.  sharp  edges  and  points  shall  be  permitted. 

3.1.1 .2  Applicable  to  coatings  aver  underlying  circuitry.  The  coating  shall 
exhibit  no  pinholes,  cracks,  brdken  t unfilled)  bubbles,  craters,  or  voids  which  expose 
•underlying  circuitry.  There  shall  be  no  bubbles  (broken  or  unbroken)  larger  than 
approximately  0.03  inch  (0. 76  millimeter  (am))  in  diameter  bridging  more  than  50  percer/ 
'"f  the  distance  between  circuitry.  The  coating  shall  be  free  of  foreign  particles. 

3.1.2  Cured  coating  thickness.  The  cured  coating  thickness  shall  be  as  follows. 

3. 1.2.1  Tyne  I,  Type  II,  Tyne  III  Grade  A,  and  Type  IV  and  Type  V  Grade  A.  The 
cured  coating  thickness  shall  he  Q. 003  ta  Q.QQ6  inch  (0.07b  to  0.15  mm). 

3. 1.2. 2  Tyne  III  Grade  3  and  Type  V  Grade  3.  The  cured  coating  thickness  shall 
oe  0.001  to  0.003  inch  (0.025  to  0.076  mm)". 

3.1.3  Surface  condition.  Types  I,  II,  III,  and  V  coatings  shall  be  dry  to  touch  and 
shall  exhibit  no  softness  or  tacxiness.  Type  IV  coating  shall  be  dry  and  resilient 
with  a  rubbery  feel. 

3.2  Facilities  and  equipment  (Not  Applicable) 

3.3  Material.  The  materials  used  for  coating  in  accordance  with  this  Specifica¬ 
tion  shall  be  as  specified  in  Table  I. 
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TABLE  I .  MAT23IALS 


Material 

Source 

Primer  (JR228-1) 

KMS  16-1963,  Class  1  or  2 

Methyl  ethyl  ketone  (MEX) 

TT-M-26I 

Coating: 

Type  I 

HMS  16-1533,  Type  I 

Type  II 

HMS  16-1533,  Type  II 

Type  III 

HMS  16-1533,  Type  III  and 
MIL-I-i*6p58,  Tyoe  UR 
(Conathane  CE*H55) 

Type  IV 

MIL-I-L6058,  Type  UR 
(Uralane  5750) 

Thinner 

Butyl  cellosolve  acetate, 
(polyurethane  grade) 

Union  Carbide  Corp. 

New  York,  New  York 

or 

Cellosolve  acetate 
(polyurethane  grade) 

MIL-E-7125 

Type  V 

MIL-I-L6058,  Type  UR 
(Huai seal  Type  1A33) 

Thinner 

Xylene 

TT-X-916,  Grade  A 
(Humiseal  thinner  #33) 

*  Ultraviolet  tracer 

HMS  20-1707 

3-  *•  Procedure 

3.J*.1  Surface  preparation .  The  surfaces  shall  be  cleared  of  foreign  matter  :r  i 
anner  that  will  make  them  receptive  to  conformal  coating  in  accordance  with  tr.it 
pecification.  Areas  intended  to  be  free  of  coating  shall  be  masked  by  any  convenient 
.tethod  that  will  leave  no  residual  products. 

l 

3. 1.1  Circuit  boards.  Circuit  boards  shall  be  cleaned  in  accordance  with 
H?  9-2it,  Grade  5,  except  that  the  requirements  for  insulation  resistance  shali  be 
oeleted.  Boards  shall  be  sufficiently  dry  (clear.inr:  solvents  and  moisture  evar'-rat »d  1 
to  prevent  coating  imperfections  during  application  unu  cure.  An  ov.-n  <j »-y  rye-  may  I*. • 
*  -cployed,  but  the  drying  schedule  shall  not  exceed  the  cure  ochedule. 
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2.14.1.2  Other  assemblies.  Assemblies  other  than  circuit  boards  shall  be  cleaned 
with  one  of  the  following  solvents:  a  combination  of  50  tl  parts  of  isopropyl  alconci 
conforming  to  TT-I-735  (grade  optional)  and  50  il  parts  of  naphtha  conforming  to 
7T-N-95,  Type”  I,  fluorocarbon  conforming  to  MIL-C-81302  (type  and  class  optional)  "PC", 
"TE"  or  "7F"  (manufactured  by  E.  I.  du  Pont  de  Nemours  Co,  Wilmington,  Delaware)  or 
vapor  degreased  in  Freon  "PC",  "TE"  or  "TF" .  If  these  solvents  are  not  compatible 
with  the  assemblies  of  the  surfaces  to  be  coated,  only  isopropyl  alcohol  shall  be  used 
After  solvent  cleaning,  the  assemblies  may  be  dried  in  a  forced  air  oven,  but  part 
temperature  shall  not  exceed  160  °F  (71  °w  (3^  K). 

3.U. 1.3  Handling  cleaned  surfaces.  The  cleaned  boards  or  assemblies  shall  be 
handled  and  stored  prior  to  further  processing  in  a  manner  that  will  prevent  contamint 
tion  or  absorption  of  excess  moisture. 

3.1.2  Primer  preparation.  Application  of  primer  shall  be  optional  as  approved 
by  the  cognizant  Process  Engineering  activity.  Primer  specified  in  Table  I  shall  be 
mixed  as  specified  in  Table  II. 


TAELE  II.  MIXING  RATIOS  FOR  PRIMER 


HMS  1963 
Class 

'  Material 

Concentration,  Parts 
by  Weight 

1 

JR  228-1  Resin 

10 

JR  228-1  Hardener 

12 

Methyl  ethyl  ketone 

20  to  60 

2 

JR  228-1  Frozen  premix 

10 

Methyl  ethyl  ketone 

5  to  8 

3.S.2.1  Primer  cure.  The  primer  shall  be  air  dried  for  r,c:  less  tr.ar.  31  minutes 
at  room  temperature  before  conformal  coating  is  applied. 
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3*^.3  Coating  material  preparation.  Coating  materials  specified  in  Table  I 
shall  be  mixed  as  specified  in  Table  III. 


TABLE  III.  MIXING  RATIOS  FOR  COATINGS 


HP  16-119 
Type 


II 

(See 

Table  I) 


Material 

Concentration 

HMS  16-1533,  Type  I  (PC  18  Std  or 

PC  18  M  (fluorescent)) 

100  parts  by  veight  (pbv) 

Thinner 

Ultraviolet  tracer  dye  1/ 

As  required 

12  drops  or  0.6  cc  per 

100  grams  of  coating 

HMS  16-1533,  Type  II  (PC  15  Std) 

2  parts  cf  Component  A  to 

1  part  of  Component  E  by 
weight 

Thinner 

As  required 

MIL-I-1»6058,  Type  UR 
(Conathane  CE  1155) 

100  parts  of  Component  A  to 

70  parts  of  Component  B  by 
weight 

Thinner 

As  required 

MII^I-h6058,  Type  UR 
(Uralane  5750) 

100  parts  of  Component  B 

18  parts  of  Component  A  by 
weight 

Thinner 

As  required 

MIL-I-16058,  Type  UR 
•(Humiseal  type  1A33) 

100  parts  by  weight 

Thinner 

As  required 

1/  When  Hysol  PC  18  Std  is  used,  the  ultraviolet  tracer  dye  shall  be  added.  However 
no  tracer  dye  addition  is  necessary  for  PC  13  M  (fluorescent). 
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Coating  application.  The  coating  shall  be  applied  to  achieve  the  coating 
thickness  range  specified  in  3.1.2.  To  achieve  the  thickness  range  specified,  it  r.ay 
be  necessary’  to  apply  the  coating  in  aore  than  one  application  (see  6.2).  Die  primer 
specified  in  3.^.2  nay  be  used  as  an  initial  coating  application  over  difficuit-to-vet 
areas.  When  so  used,  the  primer  shall  be  applied  sparingly,  so  as  to  avoid  excessive 
fillets. 

3 . U . U . l  Drving  time  (Types  I.  II.  Ill,  IV).  All  coatings  shall  be  air  dried  for 
not  less  than  10  minutes  at  rocn  temperature  before  being  placed  ir.  an  oven,  whether 
the  coating  application  is  between  coats  or  as  a  final  coat.  Between  applications,  the 
coating  shall  be  dried  for  a  period  conforming  to  Figure  1,  Curve  A,  but  net  to  exceed 
Curve  3.  Type  V  coating  material  shall  be  dried  for  a  period  conforming  to  Figure  2, 
Curve  A,  but  not  to  exceed  Curve  B. 

At  elevated  temperatures,  the  coating  shall  be  dried  in  a  ventilated  circulating  air 
oven  oi  ventilated  infrared  over..  Infrared  heating,  when  used,  shall  provide  for  -uni¬ 
form  beating  of  the  various  coated  surfaces  and  shall  be  controlled  to  produce  the 
required  surface  temperature. 
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3.^.5  Curing 

3: b.5.1  Types  I,  II,  III  and  TV.  Curing  shall  be  accomplished  in  accordance 
vith  Figure  1,  Curve  C. 

3. ^.5. 2  Type  V.  Curing  shall  be  accomplished  in  accordance  vith  Figure  2, 
Curve  C. 


HOTE: 


Cure  may  be  interrupted  at  any  point  after  Curve  S  (minimum 
cure  time  for  handling},  and  final  cure  may  be  completed  at 
room  temperature  concurrent  vith  inspection  or  continued 
processing.  For  Type  I,  the  roco  temperature  curing  time 
shall  be  doubled  if  the  relative  humidity  is  less  than 
50  percent.  For  Type  I,  an  open  container  of  vater  (plain 
tap  vater  is  satisfactory)  shall  be  maintained  inside  tbe 
oven  during  elevated  temperature  curing. 


3. b.6  Touch-up.  Small  uncoated  areas  or  structually  impaired  coating  shall  be 
touched  up  or  "spotted"  hy  brush  application  of  the  materiel.  Drying  and  curing  shall 
be  as  specified  in  3.k.fc.l  and  3.**.5. 

3.b.7  Cleanup .  Excess  material  shall  he  removed  in  a  manner  that  vill  not 
damage  or  detrimentally  affect  the  coating,  circuit  hoard  or  assembly.  Uncured  excess 
material  shall  he  viped  off  with  a  advent  such  as  r-ethyl  ethyl  ketone  (HEX)  conforming 
to  TT-M-261,  acetone  conforming  to  O-A-51,  or  butyl  cellosolve  acetate  (see  3-3). 

Cured  material  filling  terminal  board  holes,  in  which  soldered  connections  are  to  be 
made,  shall  be  removed  hy  touching  the ‘eyelets  vith  a  hot  soldering  iron  tip,  caution 
being  taken  to  avoid  overheating  and  lifting  of  the  film  adjacent  to  the  heated  art's.. 
Coatings  that  have  aged  longer  than  b  days  vill  be  more  difficult  to  remove.  AH  four 
types  of  coating  can  be  removed  using  a  hot  knife.  Cured  Type  IV  coating  is  readily 
softened  by  solvents  (see  6.1 ). 

3.b  .8  Storage.  Thinned  Type  X  material  remaining  after  the  spraying  operation 
may  be  stored  in  tightly  aealed  jars  or  cans  for  periods  from  1  to  2  weeks  preferably 
at  bO  to  50  °?  (b  to  10  °C)  (27T  to  263  X).  All  other  activated  materials  (coating 
Types  II,  HI.  IV  and  primer)  shall  be  discarded  after  «  hours  from  the  time  of  mix. 
except  sealed  bottled  material  (for  touch-up  purposes !  which  shall  be  discarded  at 
tbe  end  of  6  hours.  Type  V  material  shall  be  discarded  vher.  its  viscosity  exceeds 
250,000  nectipoises,  or  after  6  months  from  time  of  first  usage. 
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**•  QUALITY  ASSURANCE  PROVISIONS 

Qualify  conformance  inspection .  Quality  conformance  inspect  ion  eonj>risr~  aJ  i 
of  the  teats  performed  on  inuividuai  lota  which  have  been  submitted  for  acceptance 
The  tests  are  described  in  the  following  subparagraphs. 

Sampling  for  quality  conformance.  All  parts  sha.ll  be  inspected  100  percent 


at  ranaor.  tne  require,  number  of  parts  or  specimens  during  the  lot  processing  as  the  Is' 
accumulates  at  the  end  of  the  line. 

^ -  Let  formation.  A  lot  shall  consist  of  all  parts  of  similar  configuration 
coated  at  one  time  by  the  same  process,  by  the  same  processing  activity  using  the  came 
oatch  of  coating  material  in  accordance  with  this  Specification  and  submitted  at  one 
tine.  The  determination  of  similarity  shall  be  the  responsibility  of  the  cognisant 
Process  Engineering  activity.  Parts  processed  on  a  line  flow  basis  using  automated 
equipment  shall  be  considered  processed  at  one  tine  provided  the  coating  material  used 
is  from  the  same  batch  and  the  coating  operation  does  not  extend  beyond  one  shift  and 
the  operation  is  not  interrupted  for  equipment  maintenance  or  significant  adjustments. 

**.1.3  Inspection.  Inspection  of  the  sample  specified  in  to  determine 

compliance  with  the  characteristics  specified  in  Table  IV  shall  be  in  accordance  with 
the  corresponding  test  and  inspection  paragraphs. 


TABLE  IV.  QUALITY  CON-OFMAWCE  INSPECTION 
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4.2  Test  methods  and  procedures 

4.2.1  Test  specimen  preparation.  Coating  thickness  shall  be  determined  on 
specimens  that  are  representative  of  the  work  being  inspected  and  shall  be  prepared  and 
coated  concurrently  vitb  the  representative  units.  For  "flow  line  operaticr.-s",  one 
specimen  shall  be  prepared  at  the  beginning,  one  at  the  middle,  and  one  at  the  end  of 
the  run.  For  "batch  type  operations",  no  less  than  one  specimen  shall  be  prepared 

for  each  batch. 

4.2.2  Tests 

4. 2. 2.1  Visual  inspection.  The  coating  shall  be  visually  inspected,  vithout 
magnification,  for  conformance  to  the  workmanship  requirements  in  3.1.1  and  for  con¬ 
formance  to  the  packaging  and  packing  requirements  in  5-1. 

4. 2. 2. 2  Coating  thi-cicness.  Coating  thickness  shall  be  ae&sux'td  using  a  micro¬ 
meter  caliper  or  equivalent  measuring  device  to  establish  conformance  to  the  require¬ 
ments  of  3.1.2.  Hie  coated  part  or  test  specimen  shall  be  measured  directly  in  flat 
areas  at  least  0.25  inch  ‘w.35  tt from  exponent  bodies,  conductor  paths  and  board 
edges. 

4.2.2. 3  Surface  condition.  The  coating  shall  be  subjected  to  the  scratching  or 
abrading  action  of  heavy  fingernail  pressure  or  similar  pressure  applied  by  an  un¬ 
treated  omagestick  to  establish  conformance  to  the  applicable  requirement  of' 3.1.3* 

5.  FHEPABATiaS  FOB  DELIVER? 

5.1  Packaging  and  packing.  The  coated  and  finished  assemblies  shall  be  placed 
in  polyethylene  bags  or  other  suitable  containers  as  approved  by  ;he  cognisant  Process 
Engineering  activity  to  prevent  damage  or  contamination,  if  the  finished  assemblies  are 
stored  or  shipped  prior  to  usage. 
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6.  MOTES 

6.1  Intended  use.  The  procedures  described  herein  are  intended  to  provide  a 
physical  and  eavironnental  protective  barrier  against  abrasion  and  contamination  of 
electronic  assemblies.  This  process  will  not  always  provide  a  continuous  coating  for 
covering  sharp  points,  comers  and  edges.  The  coating  may  form  a  fillet  with 
component  bodies  at  circuit  board  interfaces,  depending  on  the  proximity  of  the 
component  body  to  board  surface. 

HCTE:  These  coatings  should  not  be  used  on  printed  wiring  boards 
where  moisture  can  condense  or  for  tie  protection  of  high 
impedance  circuits  in  a  moist  atmosphere. 

Type  I  coating  requires  extended  periods  of  time  for  curing  where  the  humidity  of 
the  environmental  air  is  below  50  percent.  Types  II,  IH,  IV and  V  coatings  maybe  cured 
where  the  humidity  is  below  that  level. 

Type  IV  coating  is  preferred  where  modules  may  undergo  prolonged  thermal  cycling  or 
where  minimum  stress  to  the  component  body  or  soldered  joint  is  of  paramount 
importance.  However,  Type  TV  coating  should  not  be  used  where  resistance  to  strong 
solvents  is  required. 


NOTE:  Solvents,  such  as,  1,  1,  1-trichloroethane,  trichloroethylene, 
toluene,  and  methyl  ethyl  ketone  will  soften  and  swell  the 
Type  IV  coating  after  a  few  minutes  at  room  temperature.  Hot 
Freon  TF  or  Freon  TE,  naphtha,  and  alcohols  hare  little  effect 
and  such  effect  is  normally  reversible  upon  drying. 

6.2  Coating  uniformity.  Coating  uniformity  within  the  specified  thickness 
range  (see  3.1.2;  car.  often  be  improved  by  the  application  of  thin  multiple  coats 
rather  than  a  thicker  single  coat. 

6.3  Fillet ioe  jFcr  reference  only),  '•‘hen  using  Types  I,  IT,  III  or  V  coatings, 
it  is  recommended  that  filleting  between  glass-bodied  axial  lead  components  *i.e., 
diodes,  capacitors;  and  the  printed  wiring  board  or  adjacent  components  be  limited  ts 
teat  resulting  from  seminal  thickness  coating  and  minimal  rusef"  f res  tae  composes*-. 
Filleting  in  excess  of  this  amount  may  be  removed  by  use  of  a  solve-* -moistened  trust 
to  reduce  the  amount  of  filleting. 
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RESTRICTED  USAGE  -  APPROVED  PROGRAMS 

THE  PROCESS  DESCRIBED  HEREIN  SHALL  BE  USED  ONLY  FOR  THE  PROGRAMS  LISTED  BE1CV. 

PROCESSING  TO  THIS  DOCUMENT  FOR  ANY  OTHER  UCAGE  IS  PROHIBITED  EXCEPT  WITH  THE 

PRIOR  APPROVAL  OF  THE  COMPONENTS  AND  MATERIALS  LABORATORIES . 

APPROVED  PROGRAMS :  SPACE  AND  COMMUNICATIONS  PROGRAMS 

i .  SCOPE 

1.1  This  speci fication  covers  a  process  for  the  application  of  an  elastomeric ,  pc 
jrt-chane,  conformal  coating  system  to  electronic  assemblies.  Tins  process  Is  nr:  "cvco 
j-..vc  'mnli cations  at  tonperaturen  from  -63.  to  POO  °”  (-3^  to  93  °c)  (219  ts  3u<. 

1.2  Classification 

1.2.1  Types .  The  process  shall  be  one  of  the  following  types  specified  in  accord 
ance  with  the  use  of  coating  system. 


Type  I 
Type  II 


Two  step  conformal  coating  system 
providing  good  coverage 

One  step  conformal  coating  system 
providing  adequate  coverage 


1.3  Superseding  lata.  When  no  type  is  specified  on  an  existing  drawing.  Type  I 
shall  be  used. 


APPLICABLE  DOCUMENTS 


2.1  Government  documents.  The  following  documents  of  the  latest  issue  in 
form  a  part  of  this  specification  to  the  extent  specified  herein: 


Federal 


*  -  * 
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2.2  Other  publications.  The  following  documents  of  the  latest  issue  in  effect 
form  a  part  of  this  specification  to  the  extent  specified  herein: 


Hughes  Aircraft  Company 
H>'5  16-2105 

HMS  20-1S02 
HMS  20-1966 
HP  9-1*7 


Coatinr  Tornulaticns  for  Flectronic 
Assembly 

Talc ,  Powdered 

Accelerators  for  Resin  Systems 
Cleaning  of  Electronic  Assemblies 


3.  REQUIREMENTS 

3.1  End  product  requirements 

3-1.1  Workmanship 

3. 1.1.1  Appearance .  The  cured  coating  shall  have  the  following  appearance: 

a.  The  etched  circuitry  and  components  of  the  electronic  assembly 
shall  be  visible  after  coating. 

b.  A  fillet  shall  be  required  around  each  component. 

c.  The  coating  shall  have  no  blisters,  cracking,  or  peeling.  No  pinhole, 
foreign  particle,  or  bubble  (broken  or  unbroken),  or  combination  of 
these,  shall  bridge  between 'different  circuits.  No  pinhole  or  broken 
bubble  shall  expose  conductors.  There  shall  be  no  bubbles  (broken  or 
unbroken),  larger  than  0.015  inch  (1.11  millimeters  (mm)")  in  diameter 
bridging  more  than  50  percent  of  the  distance  between  circuitry. 

Bubbles  .bridging  more  than  50  percent  of  the  distance  between  circuitry 
are  permitted  if  they  are  filled. 

d.  The  coating  thnt  is  in  contact  with  conductors  shall  be  free  of  foreign 
particles. 

e.  Bubbles  shall  be  permitted  in  the  fillet  area  ad.’&cer.t  tc  components 
provided  that  they  occupy  not  mere  than  30  percent  of  the  fillet 
perimeter. 

3. 1.1. 2  Continuity ■  Assemblies  shall  be  completely  coated  except  as  noted  do 
..1.1  and  vito  the  following  exceptions: 

a.  Areas  under  flat-bottomed  components  which  are  mounted  flush  with 

the  wiring  board  need  not  be  coated. 

% 

h.  Areas  surrounding  a  mounting  stud  may  remain  uncoated  providing 
there  is  at  least  0.01Q  inch  (0.25-  ms)  of  acceptable  coating 
insulating  any  circuitry  from  the  uncoated  areas. 

3.1.1. 3  Completeness  of  cleanup.  Massing  material  and  adhesive  residue  shall  be 
■pletely  rereveu .  All  Class  material  snail  be  trimmed  to  the  required  contour. 
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3.1.2  Coating  thickness.  The  total  coating  thickness  shall  be  0.007  *0.00-  inch 
(0.178  rO.132  nan)  per  side  when  measured  on  the  flat  areas  of  the  board. 

3.2  Facilities  and  eouicnent 

3.2.1  Processing  areas.  Silicone  mold  release  agent  or  silicone  grease  shall  net 
be  allowed  in  the  immediate  processing  area  where  coatings  are  applied  (see  6.2!. 

3.3  Materials.  The  materials  used  in  accordance  with  this  Specification  shall  t c 
a::  specified  in  Table  1. 

TABU  I.  MATERIALS 


Materials 


Polyurethane  resin 
and  curing  agent 


Accelerato 


Material  Description 


Uralane  5750  B/A 


Source 


MIL-I-1*o058,  Type  T: 


Dibutyltin  dilaurate  |  H^S  20-1986,  T Vpe  Z 


.-rotes  premia 


Colloidal  silica 


Cellosclve  acetate 
(ethylene  glycol  mono- 
ethyl  ether  acetate), 
urethane  grade 


'ciuene 


Complete  fcmulatio 
(see  Table  II’ 


Complete  formula*. ic 
(see  Table  II’ 


HMS  2C-13C2 


fCL-S-i*:i29 


ypes  and  fcrrru-atisr.s  c 


£  !£\*  v: 
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2,-  Procedure 

2.1.1  Handling,  All  cleaned  boardr  shall  be  handled  only  with  clean  nor.  cent  a.-..  - 
r.ated  gloves  or  handling  aids. 

2.1.2  Assembly  preparation.  Prior  to  coating,  surfaces  shall  be  cleaned 
accordance  with  HP  9-17.  Dry  for  not  less  than  2  hours  at  150  to  210  c?  (6c  to  99  cC' 
122?  to  372  K). 

3.1.3  M&wkinc.  Components,  contact  areas,  jacks,  switches,  etc,  specified  on  the 
applicable  drawing  as  requiring  no  protective  coating,  shall  be  suitably  masked  with 
tape  cr  aasking  covers.  The  masking  material  shall  be  in  close  contact  with  the  sur¬ 
face  in  order  to  prevent  the  coating  from  seeping  under  the  masking  material  during 
application. 

3.1.-  Coating  with  Tyne  I  material.  Type  1  conformal  coating  system  shall 
consist  of  net  less  than  one  spray  coat  (Formulation  I)  followed  by  not  less  tear,  one 
dip  or  pour  coat  (Formulation  II). 
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3,14.5  Costing  formulations.  The  polyurethane  coatings  shall  be  formulated  in 
accordance  with  Table  II : 


TABLE  II.  COATING  FORMULATIONS 


Material 

Coatings  (Parts  by  Weight)  hJ  - 

Type  I 

m 

Formulation  I 
Spray 

Formulation  II 
Dip  or  Pour 

Formulation  III 
Touchup 

Ural are  3 

100  Sl.O 

100  sl.O 

100  sl.O 

100  Sl.C 

Uralane  A 

15  20. 2 

18  SO. 2 

18  SO. 2 

moon 

Accelerator,  1  per-  1/ 
cent  solution 

O.T  tO.l 

0.7  SO.l 

0.7  SO.l 

H  **  +A  *» 

W  •  t  —  ^  •  -» 

Talc  filler  2/ 

1*7  sl.C 

— 

— 

— 

;  jj  ^  - ,-sl 

— 

— 

1  to  2 

Solvent  blend  of 

50  percent  toluene  and 

5C  percent  cellcsolve 
acetate,  by  volume 

1»5  si. 0 

1/ 

0  to  25 

0  ;o  2£) 

1/  Prepare  1  percent  solution  by  adding  i*  drops  of  accelerator  to  each  10  gras.*  of 
~  toluene  conforming  to  TT-T-5^3  or  xylene  conforming  to  7T-X-916,  Grade  A. 


y 

■t  / 
■»  * 

2/ 


Dry  filler  in  air  circulating  oven  for  not  less 
to  200  °?  (93  °C!  (36c  K)  prior  to  nixing. 
Initial  value  (see  3*ii*6.1t  Formulation  I  (3),. 
All  components  nay  be  preaixed,  except  Ural* ne 
for  up  to  six  south®.  Mixture  ar.  be  degassed 


than  1  hour  at 


150 


;  00 


A.  and  stored  at  man  temper 
pr’isir  s’toirins* 


C ; ( 339  :<) 


All  these  coating  types  and  formulations  are  available  as  frozen  presixes  (*►*»!  CF 
5C)  (233  Si  cr  as  tvo-ccsponent  tits  (see  2MS  16-2105,. 


1 

I 


1 

i 

! 

G-7 

IT? 

fti « 6  ia  j 

! 

r  ***•«••♦•••■  * . . 
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3.“.c  Mixing.  The  materials  specified  in  3.*-. 5  shall  be  thoroughly  mixed  until  the 
mixture  is  smooth  and  free  of  lumps.  Type  I,  Formulation  I  coating  shall  be  mixed  using 
a  high  speed  mechanical  stirrer  (such  as  Ughtnin  Mixer  Model  F,  from  Mixing  Equipment 
Company,  Rochester,  Nev  York).  The  other  formulations  may  be  machine-mixed  or  har.d-cixed. 

3. -.6.1  Detailed  mixing  instructions 

a.  Type  I,  Formulation  I 

(1)  Weigh  out  all  components  except  the  accelerator  and  blend  to  a 
homogeneous  mixture. 

(2)  Add  the  accelerator  to  the  mixture  and  thoroughly  blend  in. 

(3>  Add  additional  solvent  blend  if  needed  to  facilitate  spray 
application.  (Typical  spray  viscosity  is  175  centipcises 
(0.175  pascal-seconds) ) . 

b.  Type  I,  Formulations  II  and  III, and  Type  II 

(1)  Weigh  out  all  components,  except  the  accelerator,  and  blend  to 
&  homogeneous  mixture. 

(2)  Add  the  accelerator  to  the  mixture  and  thoroughly  blend  in. 

(3)  Mixture  shall  be  degassed  to  eliminate  entrapped  air.  De¬ 
gassing  shall  not  be  prolonged;  it  shall  be  sufficient  only 
to  cause  first  foaming  to  collapse. 

’•^•1  Work  life.  The  mixed  polyurethane  coatings  shall  be  applied  within  1  hour 
a‘'ter  mixing. 

3.^.2  Stray  application.  The  Type  I,  Formulation  I  coating  shall  be  sprayed  on 
each  side  of  the  assembly  as  described  below  and  3hall  cover  all  visible  unmasked  ex¬ 
ternal  surfaces.  Additional  solvent  (toluene-cellosolve  acetate  blend)  say  be  added 
using  frozen  preaix  to  obtain  a  sprayable  mixture.  (Typical  spray  viscosity  is 
1 ' .  cent! poises  (0.175  pascal-seconds)). 

a.  Spray  tkd  coating  onto  the  assembly  using  clear.,  dry  air 
at  a  pressure  sufficient  to  provide  good  atomization. 

t.  Spray  one  pass  across  the  entire  surface  of  the  assembly. 

c.  Rotate  the  assembly  90  degrees  and  repeat  b. 

d.  Rotate  the  assembly  90  degrees  sore  and  repeat  b. 

e.  Rotate  the  assembly  9C  degrees  sore  and  repeat  b. ,  sc 

t.tat  one  pais  has  been  applied  from  four  directions , 

f.  Repeat  procedures  a.  through  e,  as  necessary  to  cover  in¬ 
completely  coated  areas.  Ray  particular  attention  to  surfaces 
such  as  leads,. .lead  tips,  ami  other  conductor  areas. 

g.  Dure  the  coated  assembly  is  accordance  with  3. 1.1C-. 

.‘<‘171:  Where  a  surface  is  inaccessible  for  adequate  spray 

application,  brush  application  cf  Type  I,  Formulation  I 
may  be  applied. 


i 
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3.U.0  pi's  or  pour  application.  Unless  otherwise  specified  on  the  engineering 
drawing,  the  entire  assembly  shall  he  dip  coated  or  pour  coated  as  follows: 

Dip  the  entire  assembly  into  a  container  filled  with  Type  I,  Formula¬ 
tion  II,  or  Type  II  coatings  and  roaove  the  assembly  at  an  extr' ttion 
rate  of  2.0  s0.5  inches  (51  tl2  ma)  per  minute  or  pour  the  coatings  onto 
the  surface  area  to  be  coated,  or  pour  and  brush  where  drainage  cannot 
be  performed  well.  If  necessary,  spread  the  coatings  over  the  surface 
by  using  a  soft  bristle  brush  to  obtain  complete  coverage  and  generous 
fillets.  Allow  the  coated  assembly  to  drain  for  at  least  3  minutes  or 
until  the  coating  stops  running.  Reposition  the  assembly  severs-  times 
during  the  drain  cycle  to  maintain  ’uniform  coating  buildup  and  generous 
fillets. 

NOTE:  Additional  solvent  (toluen^*ceiiosoive  acetate  blend)  may  be 
added  when  using  the  frozen  premix  to  obtain  a  dippable  or 
pourable  mixture.  (Typical  pour  viscosity  is  5?5  centipoises 
(0.525  pas cal- seconds) ). 

3.4.10  Curing.  A  drying  cycle  is  recommended  prior  to  curing  which  will  help 
reduce  the  amount  of  bubbles  which  can  occur  in  the  cured  coating.  The  following  dry¬ 
ing  methods  may  be  used: 


Method  I 


Place  the  assembly  in  a  vacuum  even  at 
150  to  ISO  (66  to  32  °C)  (339  to  355  S) 
and  5  inches  of  mercury  absolute  'lb. 3 
kiiopascals)  or  lower  pressure  for 
*  to  6  aunutes. 


Method  II 


Air  dry  the  coated  assembly  for  r.ct  less 
than  **  hours. 


The  coated  assemblies  s..  all  be  cured  in  accordance  with  Figure  1,  using  a  ventilated 
-teat  source.  Coated  assemolies  may  proceed  to  next  processing  stage,  as  required, 
after  nioimum  cure.  However,  full  cure  is  required  prior  to  ary  er.v  t  rcnr.enta,  test  in 

2 . - .  11  True  rut.  Examine  the  cured  coating  visually  and  under  ultraviolet  -U.tt 
tc  determine  coverage.  Touch  up  as  required  over  leads,  terminals,  and  nard-tc-ctit 
areas  using  a  soft  bristle  brush  art  Type  I.  Formulations  II  and  III.  or  'Type  II  -tat; 

i. -. 11.1  Trucrur  procedure.  The  touc.ru?  procedure  shall  be  as  follows: 

a.  Remove  one  tops  of  bubbles  using  a  fiberglass  brush,  orange  sties, 
or  other,  appropriate  too-.  Removal  may  be  assisted  by  the  local 
appli carter  of  a  small  amount  of  toluene  applied  under  the  super¬ 
vision  :f  one  cognisant  process  Engineering  activity. 

3.  “ill  or c. ter.  buttle?  by  coating  the  area  with  Type  I,  Forruiati ons 
II,  IT! ,  sr  Type  II  coating  applied  with  a  soft  bristle  brush. 


.ure  tr.e 


coating  tr.  auct:  lance  with  I  -  -  - 1 1  - 
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3.1.12  Replacing  coating.  When  a  component  must  he  replaced,  the  coating  snail 
he  removed  and  the  area  pouched  up  a s  follows : 

a.  Soften  the  coating’ under  and  around  the  component  by  prevailing 
the  assembly  at  150  to  210  °F  (66  to  99  °C)  (339  to  3T2  X)  far 
at  least  10  minutes.  Using  an  orange  stick,  remove  the  coating 
before  it  rehardens.  The  coating  removal  may  be  assisted  by  the 
local  application  of  a  small  amount  of  toluene  or  1,1,1-trichIoroethanc 
applied  under  the  supervision  of  the  cognizant  Process  Engineering 
activity.  As  an  alternate  procedure,  the  coating  aay  be  removed 
carefully  using  a  hot  knife,  with  or  without  prevailing  of  the 
assembly. 

b.  Repeat  step  a.  as  necessary  and  remove  the  component. 

c .  Clean  assembly  in  accordance  with  3*  **.2  after  the  component  has 
been  replaced. 

d.  Coat  the  uneoatei  area  and  component  by  brush  application  of 
Type  I,  Formulations  IT,  II I,  or  Type  II  coatings  - 

e.  Cure  the  coating  in  accordance  with  3. 1.10. 

3. **.13  Maskant  removal  and  cleanup.  After  the  coating  has  been  cured,  masking 
aaterial  and  adhesive  residue  shall  be  completely  removed.  All  flash  material  shall  b' 
trimmed  off  to  the  required  contour  and  sharp  or  ragged  edges  removed-  Care  shall  be 
taken  to  avoid  cutting  or  damaging  the  assembly  or  peeling  the  edges  of  the  coating. 


*.  quautt  assukascz  pro  vis ions 

1.1  Quality  conformance  inspection.  Quality  conformance  inspection  comprises  a! 
of  the  tests  performed  on  individual  lots  which  have  been  submitted  for  acceptance. 

The  tests  are  described  in  the  following  subparagraphs : 

-.1.1  Sampling  far  Quality  conformance.  All  parts  shall  be  IX  percent  inspected 


-.1.2  Inspect  lor,.  Inspection  to  determine  compliance  with  t.ts  characteristics 
specified  in  Table  II I  snail  be  conducted  ift  accordance  wits  tse  corresponding  test  an.' 
i  .ts  pec  tier,  paragraphs . 

Tharacteristics  T  Requirement  Test  and  Isspecticn 
,  Source  Paragraph 


»c reran ship 


Inating  thickness 


:»c* aging 


3.1.1 


•t  •  i 


16-k  '• 
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**.2  Test  methods  and  procedures 

b.2.1  Visual  examination  and  Inspection.  The  assemblies  shall  be  visually 
inspected  fcr  conformance  to  the  workmanship  requirements  in  3-1.1  an  oeck&ging 
requirement  specified  in  5-1.  In  addition,  inspection  for  coasletene*  of  coating 
shall  be  performed  by  examining  the  assembly  under  ultraviolet  light  i :  a  dark  area. 
Coated  areas  will  have  a  blue  glow.  Areas  to  be  inspected  shall  inc;  ie  component 
leads,  circuitry,  and  solder  tips  and  Joints. 

1.2.2  Coating  thickness.  The  coating  thickness  shall  be  me  ^ tired  using  a 
calibrated  tool  or  Instrument  (such  as  a  micrometer  caliper  or  light  section  micro- 
scope;  to  establish  conformance  to  the  requirements  of  3.1.2. 

5-  PREPARATION  FOR  OSLIVSRY 


5.1  Packaging.  The  coated  .and  finished  assemblies  shall  be  placed  in  a  plastic 
box  or  other  suitable  container  to  prevent  damage  or  contamination. 

6.  SCTSS 

6-1  Intended  use.  This  process  is  intended  to  provide  a  finished  and  cured 
coating  that  will  provide  flexibility  with  good  edhesion  and  insulation  cnaracteri sties . 
The  coating  lends  itself  to  reoair  with  hot  knife  techniques  and  may  be  removed 
sufficiently  from  solderable  surfaces  for  subsequent  soldering  by  prior  heating  of  the 
Joint.  The  coating  may  be  applied  directly  onto  glass  bodied  components  without  the 
need  for  sleeving  the  component.  Cured  coating  is  not  resistant  to  solvents  such  as 
acetone,  methyl  ethyl  ketone,  toluene,  1,1 ,1-trichloro ethane  and  trichloroethyiens . 
Immersion  for  2  minutes  will  cause  coating  to  swell  and  lose  adhesion. 

Type  I,  Formula  tier.  I  is  for  general  application  by  spray  to  secure  overall  uniform 
coverage  over  flat  surfaces  as  well  as  over  protruding  surfaces  such  as  leads  and 
component  bodies.  It  does  not  farm  a  fillet  around  component  bodies.  This  coating 
serves  as  am  undercoat  far  Formulation  II. 

Type  I.  Formulation  II  us  far  general  application  by  dipping  or  pouring.  It  gives  good 
cove rag?  over  flat  surfaces  ana  forms  an  excellent  fillet  around  component  bodies.  It 
ires  net  cover  protruding  surfaces  well.  This  coating  serves  as  at  overcoat  over 

*  .T  *,,,^\>  *  ft  *  i  >»■*» 

Type  I.  Formulation  III  is  for  general  application  by  brush  fcr  touoaup  ami  component 

."•placement . 

Type  II  is  *  one  step  coating  process  -used 'for  general  application  to  secure  uniform 
coverage  over  flat  and  protruding  surfaces.  Type  II  does  not  give  good  a  coverage 
as  the  Type  I  coating  system  over  component  leads  and  bodies. 

a 

t-F  Silicone  materials,  including  FT*”5.  car.  contaminate  direct  contact  areas  a: 
.ell  as  adjacent  areas.  L'se  of  these  materials  as  processing  aids  should  tr  avoided. 
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1.0  GENERAL 

1.1  '  Scope 

1.1.1  This  ME I  describes  the  process  for  the  UV  cured  conformal 
coating  of  exposed  circuitry  of  electronic  assemblies.  The 
application  method  described  is  spraying. 

1.2  End  Use 

1.2.1  This  MEI  is  not  for  use  on  production  hardware.  Only 

Manufacturing  Engineering  Laboratory  personnel  are 
authorized  to  perform  this  process.  The  coating 
described  here  is  in  the  development  stage  and  is  not 
approved  for  use  on  space  hardware.  « 
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2.0 

2.1 

2.1.1 

2.1.2 

2.1.3 

2.1.4 

2.1.5 

2.1.6 


2.2 

2.2.1 
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PROCEDURE 

Assembly  Preparation 

If  required,  place  Che  princed  wiring  board  (PVB)  assembly  in 
holding  fixture. 

Degrease  Che  assembly  per  ME I  1.9.1.  Do  not  couch  areas  co  be 
coated.  When  handling  clean  parts,  wear  clean  gloves  or  clean 
finger  cots,  use  clean  handling  aids,  or  pick  up  the  parts  by 
their  rigidizing  fixtures  or  areas  co  be  masked. 

Place  che  clean  assembly  on  a  clean  Kaydry  tissue  and  cover 
with  a  second  Kaydry  tissue  to  avoid  airborn  contaminancs . 

Using  che  following  materials,  mask  areas  not  co  be  coated  as 
specified  on  che  applicable  assembly  drawing:  frame,  masking 
cover,  cube  caps,  tape  or  PC  Flex  Mask. 

If  che  PVB  assembly  is  in  a  rigidizing  frame,  adjust  the  frame 
co  mask  che  edge  areas  chac  are  not  to  be  coaced. 

Irregular  areas  or  terminals  may  be  masked  with  PC  Flex  Mask. 
Apply  and  cure  as  specified  in  Table  1. 


Table  1. 

Cure  Time  for  PC  Flex  Mask 

Temperature 

Cure  Tice 

Ambient 

60  minutes  minimum 

160  +10°F 

30  minutes  minimum 

200  +10°? 

15  minuces  minimum 

Coating  Preparation 

MOTE:  All  mixing  must  be  done  in  spray  booth.  Use  a  metal  or 
plastic  stir  rod,  or  tongue  depressor  co  blend  material. 

Do  not  degas. 

Formulate  the  coating  using  the  mix  ratios  listed  in  Table  2. 
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Table  2. 

Coating  Formulations 

Material 

Amount  Formulated 

Hughson  RD3650-21 

100  pbw 

Butyl  Acetate 

27  pbw 

Using  27  pbw  as  the  starting 
point,  add  additional  butyl 
acetate  to  facilitate 

spraying. 

2.3 

2.3.1 

2.3.2 

2.3.3 

2.3.4 

2. 3. 4.1 

2.3.1 

2.3.6 

2.3.7 

2.4 

2.4.1 

.4.2 

2.4.3 


Sprav  Application 


CAUTION:  Put  on  rubber  gloves,  protective  smocks,  and  eye 
protection.  Spraying  must  be  done  in  spray  booth. 


Set  air  pressure  to  30  +10  psi  and  adjust  spray  gun  to  fine 
light  fan.  Hold  the  assembly  at  about  45°  and  spray  across 
the  assembly  with  slow  steady  sweeps.  Spray  rear  of  PUB  only. 

Rotate  assembly  90°  and  repeat  the  spray  operation.  Continue 
until  all  four  sides  have  been  coated. 


Spray  the  PUB  from  vertical  posicion. 


Visually  examine  the  coated  assembly  and  spray  us  necessary  to 
completely  coat  required  areas. 


Air  dry  15  +2  minutes. 

Cure  rear  of  assembly  in  accordance  with  2.4  minimum  handling 
cure. 

Coat  the  front  side  of  assembly.  Repeat  2.3.1  through  2.3.4. 


Cure  front  of  assembly  in  accordance  with  2.4  minimum  handling 
cure.  Full  cure  per  2.4. 

Curing  of  Coated  PVB  Assembly 


Cure  for  minimum  handling  by  using  oven  scan  setting  5  (lou 
Intensity).  Repeat  for  second  side. 

To  achieve  full  cure  of  shadowed  areas^cure  la  air  circulating 
oven  for  30  minutes  minimus  at  200  +10  F. 


After  full  cure,  recove  all  masking  materials  with  tweeters. 
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2.5 

2.5.1  , 

2.5.2 

2.5.3 

2.5.4 

2.5.5 

2.5.6 

2.5.7 

2.5.8 
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Component  Replacement 

Cut  component  leads  close  to  body  of  component. 

Remove  the  ‘illet  of  conformal  coating  from  around  component 
body  with  a  hot  knife.  Scrape  off  residual  coating  with 
orange  stick. 

Remove  component  from  POT. 

Insure  that  solder  pads  are  free  of  coating  material.  Remove 
per  2.5.2. 

Install  the  new  component  onto  the  assembly. 

Clean  the  assembly  per  ME  I  1.9.1. 

Dilute  small  amount  of  UV  conformal  coating  material  per  2.2.1 
and  Table  2. 

Brush  on  small  amount  of  material  and  cure  per  2.4. 
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3.1 

3.1.1 


3.1.2 


3.1.3 


3.1.4 


3.2 


3.3 


3.4 


REQUIREMENTS 

General 

When  measured  on  the  flat  areas  •  f  the  board,  the  thickness  of 
the  coating  shall  be  0.0015  +0.0ui  inch. 

The  coating  shall  have  no  blisters,  peeling,  or  bubbles. 

Continuity  arid  coverage  may  be  determined  with  the  use  of  any 
ultraviolet  light.  Required  areas  shall  be  coated. 

Areas  under  flat  bottomed  components  which  are  mounted  flush 
with  the  circuit  board  need  not  be  coated. 

Equipment 


Oven,  air  circulating 

Blue  M  Electric  Co. 
Blue  Island,  IL 

Oven,  Ultra  Violet, 

Model  BP720-1SPL 

Interpress  Corp. 
Duarte,  CA 

Product  Materials 

.  • 

UV  conformal  coating, 

Hughson  3650-21 

Hughson  Chemical  Co 

Process  Materials 

Brush  02,  camel  hair 

MRG  N70-0404 

Butyl  acetate 

MCB  BX17S0 

Cotton  smock 

Commercial 

Hot  knife 

Commercial 

Orange  stick 

MR0  S60-2714 

PC  Flex  Mask,  02  heavy 

Contronic  Services 
Westmister,  CA 

Rubber  gloves 

MRO  S60-1260 

Stirring  rod 

Commercial 

Tape,  Teflon 

Commercial 

Tongue  depressor 

MSO  K 60-10 10 
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